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COSMALIir ,ives 

STAR performance in the new ^El^l I il 

This jn+ernally threaded Cosmalite coll form of cloverleaf design in fhe very 
heart of the Zenith Television Transformer permits quick tuning of both primary 
and secondary frequencies through the upper end. The hexagon shaft of the 
frequency setter easily passes through the upper core and engages in the 
lower core . . . adjusting the frequencies of both coils with the greatest ease. 


Consult us on the many uses of 
Cosmalife (low cost phenolic 
tubing] in television and radio 
receivers- -Reg, u. s. Pau Off. 




II Tho “CUridge” - 

Table Receiver 


Coimaliie coil forms are also used 
in transformers of 2enitb’i fable radios^ 
such as the new Super - Sensitive 
"Major'* FM receiver, above. 
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RADIO-TELEFAX UNITS 
WITH SYLVANIA tubes 


SPREAD THE NEWS 
OF INCOMING SHIPS! 



Pilot boot Coptoin sending written massage of arrivol of 
the big ship through Link unit equipped with SyJvonio 
tubesy and In short order. . . 

★ ★ ★ 

» . . messoga arrives in Western Union Morine News room 
os focsimile reproduction, then is transmitted by on opera- 
tor and simultaneously oppeors on tickers at officet of 
newspopersy customs, postal and immigration authorities, 
taxi, steamship companies and mony others. 



mm:': 




yCfhA radio equipment used in Western Union Marine Reporting Service 


R ADIO-TELEFAX, a new type of telegraph 
, communication, reports ship arrivals as part 
of Western Union’s Marine Reporting Service. 

Out at sea, the captain of the New York Pilot 
Boat spots incoming liners, writes a message such 
as “SS QUEEN ELIZABETH INCOMING AT 
1644” on a telegraph blank and inserts it in an au¬ 
tomatic Telefax transmiuer. The unit then trans- 
mits it to Western Union over a VHF radio chan- 
neJ. It arrives as a facsimile of the sent message! 

And inside this Link equipment, rugged Sylvania 
lubes, operating smoothly, do their part in this 

RADIO TUBES: CATHODE RAY TUBES: £LECTRON»C DEVICES; fLUORE 


important marine reporting serviceii Find out 
more about the complete Sylvania line of Radio 
Tbhes *, ► see your Sylvania Distributor or write 
Radio Tube Division, Emporium, Pa. 

SYLWIA 

ELECTRIC 

r LAMPS, FIXTURES. WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS 
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ERIE'S FIRST 
TV STATION 


^ edWAMi piLhLlshrc *I 'Til# Erie Difl- 

pattK " asfid owner oE TV WICU: 

''Iq btjfigtn^ She nn3y l^cJiitayJin^ #ervtoe tD Erifl. 
Ffiuvie., we ins^lel -cni Jjv« pin£#i^fLii£l]#e: ri> B4 k| pkio- 
Jr]^ quaUjy oblsinv-bler AdeqiAal# pHinngtJi 

lhroiigtic>vil 13] Eguipyieni npcrBlil# by 

pi#vlpT^ly-LrHaipftc]etlC#d locil pwsoiiTia]: (4) Depfllld- 
MTTi»_ EegBJ-dleiw (M Equlpflieoa Jti#].- wiiii 
»udlJinum ChhsDic*r«Jiz«, be ^Kpendad In a^np >^1111 


leJecifli-iJiig' ^oorio^dog. 

"l>u Mooai ectbLpiflfint Ei^lJilLp biH Afid floSjatlon 
'WICU Tjae^ La end wiLI cciiLJ[d.tia Jo b# Du Meni^ 
«qLL]fp#d." 

^ ^[TiEdlviD wliil fflUi Ifilici^lDg !»ln1 nif bi — 
F^tupblLLu. TV -BlBJIm tt tivIwu^Ii il^dl»r 
^dEu ihjfl BnudllDwa TV ■tillDC'—ym nn 

llw-BTT count EzB Ehj tfinfkl "llHIT \np^' fw vc^c^B^ckLly- 
ddSD-ZUd-BDUE^i 


C nLLLtl b »!■ MO>T ^*Hn-*ATn-ciEi, ind. 



VABtimC^TUH,. d, £. - 


IP -rmixvuKJrf anipios. k*kw VOtk J. N- t_ 
n_um4 amq ea&t fatpa-h^h, t^. j. 
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The New/ TV Veryhjgh-Uffrahigh 
Chanjie/ Proposa/s 

TV’s future, whic)> during the past 
year has been quite a crystal-gazing 
project, appears to have emerged from 
that mystic stage and acquired an en¬ 
terprising pattern, with the blessings 
of government and many in industry. 
The government appraisal has been in 
the form of a seventy-six-page for¬ 
mula citing suggested allocations for 
the vhj and itlif bands, while a com¬ 
bined industry-government effort has 
provided the famous Ad Hoc comoiit- 
tee report^ and six other pertinent en¬ 
gineering analyses covering propaga¬ 
tion- 

in the official FCC proposal, which 
will be the subject of a hearing begin¬ 
ning August 29 in Washington, ap¬ 
pears for the first time a complete 
evaluation of such factors as permis¬ 
sible interference ratios for co-channel 
and adjacent channel operation for 
three grades of service. For the first 
or grade A service a 55-db desired-to- 
undesired co-channel ratio is sug¬ 
gested and a 20-db destred-to-unde- 
sired adjacent channel ratio is pro¬ 
posed. For the second or grade B 
service, the co-channel ratio indicated 
is 46 db and 12 db for adjacent chan¬ 
nels, while for the third or grade C 
service a 4Q-db co-channel ratio is pro¬ 
posed and 6-db' adjacent channel fac¬ 
tor suggested. The service availabil¬ 
ity for each of these grades has been 
indicated as 90% of the time and 90%, 
70% and 50%, respectively, for the 
various locations of the three services. 
The FCC stated that they recognize 
that by means of sync or offset carrier 
operation some improvement in the 
interference ratios may be possible 
and cited that they will make every 
effort to encourage such operations, 
but will not use them as a means of 
reducing separation between stations 
but rather to extend the service area 
of the transmitter. 

To interpret the field intensity of 
transmitters the Commission ha^ pro¬ 
posed the use of iso-service contours 
which were discussed (n a supplemen¬ 
tary Ad Hoc report by William C. 
Boese. These contours express ser¬ 
vice in terms of the ratio between de¬ 
sired and undesired signal in db or the 
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minimum requir^t signals in db above 
one microvolt per meter. This has 
been done to facilitate computation of 
service and interference field intensi¬ 
ties. The same terms may be carried 
over to the output of the transmitter, 
transmission line losses and antenna 
gain. The use of this system permits 
the application of the same unit 
throughout the service, whether in the 
transmitting equipment or in the field, 
and has the additional advantage that 
a db of poweT added at the transmit¬ 
ter results in a db of increased field 
intensity. So that these matters can 
be placed on a related basis, the db 
with respect to transmitter power and 
antenna gain^s- well as the field in¬ 
tensity, must be expressed as db with 
reference to some given level. 

Analyzing the separations possible 
between co-channel and adjacent chan¬ 
nel stations fPr/the A, B and C ser¬ 
vices, the FCCTeported that at 63 me 
co-channel grade A stations, with an 
output of 10-lcw, would have to be 148 
miles apart, ^vhile grade C stations 
would have to^be 252 miles apart. At 
600 me, over r>elatively smooth terrain, 
grade A co-channel stations with an 
output of 10-kw could be 103 miles 
apart and grade C stations 125 miles 
apart. Quite a difference in separa¬ 
tion is indicated in adjacent-channel 
operation, with grade A stations in 
the JO-kw category requiring a sepa¬ 
ration of 50 miles at 63 me and 43 
miles at 600 me. 

The Commission cited that it has 
endeavored wherever possible to have 
a co-channel, separation for metropoli¬ 
tan stations in the veryhigh band of 
220 miles and adjacent channel sepa¬ 
ration of 110 miles. On the ultrahigh 
bands a co-channel spacing of 200 
miles has been selected for metropoli¬ 
tan stations and 100 miles for adjacent 
stations. In the case of community 
channels, a co-channel separation of 
140 miles and-adjacent channel sepa¬ 
ration of 60 miles has been suggested. 

In the new ultrahigh allocation plan 
forty-two 6-mc channels have been 
proposed, channels being numbered 14 
through 53, with 14 beginning at ap¬ 
proximately 470 or 500 me, depending 
on an action to be taken by the FCC 

pages 6. 7, 8, and 9, this issue. 


with respect to the request of Bell 
Labs for the use of this channel for a 
broad-band mobile communications 
system. Thirty-two of the channels 
have been suggested for metropolitan 
and ten for communty station use. 

According to the FCC plan, metro¬ 
politan stations will be authorized to 
employ an erp between 10 db (10 kw) 
minimum for channels 2 to 55, and 
20 db (100 kw) maximum for chan¬ 
nels 2 to 13 with a 23-db (200 kw) 
maximum for channels to 55, pro¬ 
vided the antenna height is a mini¬ 
mum of 500^ above average terrain. 
Where antenna heights of 500"* cannot 
be employed, the FCC cited that 
authorization might be granted but no 
increase in power will be allowed. 
Community stations will be authorized 
to operate with an erp of not less than 
7db (5 kw) and not more than 13 db 
(20 kw). 

No provisions for directional trans¬ 
mitting antennas have been provided 
in the new plan. The Commission 
stated, however, that they recognize 
that such antennas may be useful to 
cover particular sites, and accordingly 
they might be permitted in appropriate 
cases. 

Detailing the procedures used to 
establish the required field intensities 
at the antenna, the Commission indi¬ 
cated that it assumed the connection of 
half-w'ave dipoles to a receiver via fiCK 
of RG59U coax for 63 to 195 me 
operation. In ranges near 600 me 
small rhombics with 300-ohm lines 
were assumed. 

Commenting on the possible use of 
any channels for color, the Commis¬ 
sion pointed out that any system pro¬ 
posed must be able to operate in the 
6-mc channel and permit use of exist¬ 
ing receivers, with only relatively 
minor modifications being required. 

The members of FCC, industry and 
the independent consultants, who toiled 
around the clock, processing the data 
for these invaluable reports, certainly 
merit a round of ringing applause for 
their conscientious efforts. While all 
the proposals may not be letter-per¬ 
fect, we do have the nucleus of a work¬ 
able plan which can be applied to an 
urgently needed allocation program 
for expanding TV.—L, W. 
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The AB HOC 


Dl'BT N't til E VEJtV H Cl: H - U i.TTTAH i€ H 
hajinfE ill Dtt^irabrr, 

it hrcajne appan:nC ttiat ap^ii^yjmntc 
aiti^h^+:rs to fiuhj r\ui propafiacinn 
iss^jw wpj? nnt fivaUable, ^r\d tliua aiiy 
immediate iKTOC-^ttinj <yi Jin :iIlocaCtDlN 

pki4 y^oylil be impc^^iblt. cht 

iietfiJ Inr 5UCJl 2 30 u^giint, ij 

was deoidM to aptKh3r:it ari impircial 

CftminincCr wi?y|r| 

prnbt: a3| (-Jic iss-uea and prDVid>g the: 

FCC Tvicli dat-a wMoJi Iw aseJ 
to formulaic an acceptfibk krwHi- and 
upjirr-ba?>d proaiam 

Thp committM, tuLiwn 15 the Ad 
Hoc cnmrmatCcf, havt: a/tHr six itlOnCba^ 
compi3eTJ a sciistitnUal itpon, whHch ti 

repJne With ^tFEm-rly pdrtLnRiit datfl 

ind which ]iu trtfln of inatct ial aasis- 
tanto in preparing: iJi* IrjraE-flwaLced 
a^J&rniatiafifl ]Jan. 

flruad]y spCfikiiijT tlK objtC^ivei nt 
llh; cummirtco wci^- (J), Prcdii!tiun 
ol atfvir^ hr]d incfiuiiiK^ i£n.al 
u^tion of ribc randonri van^itionE i-i! 
field rntHU-ity fnim median tevd? due 
tci JdLa.| ttrrain and kiiSdingg; (i), 
Croiotplirrrac propD^iiiian curve ovah 
nRttCiL^ AiuL Jlldtiod u£ cnmbiTliTIg 
the eFFcCTi OJ chc sp:Lt^i] und tinic vui- 
aciojii ot the Jcaire^l sL|fna| and -out or 
cnort iifitcrEEring- itigr^aJE. 

Tfr* Ktpiuri-' 

f4!i ^ A'icnuir-e fi'cirf Irt-^ 

f#Ha4/icr; p'nyr fflOlrais were COriEid- 
er^d in thift Uitiidj^, The lir&t conceTned 
a nuKlificatictl of pre^mdE ivave sipTLa] 
raiii^e- cittv^s. Aitlioua'h ■net tpccifi- 
4 -jil]y profWfted by the FCC, thf 
tian aIQ^K id Iht confcrEncc the dit- 
sir.^btlily Elf THTtpinif ili+i fTonnd Mavt 
iltriHl range tcirwet Rppeafin^ m pari 
d of the rul«_ TK< c-ommitlcc ccjoisid- 
cred llti^ pr-n^Pmi and deci^-ed etui, for 
the porpoi^ cf malicnpr statiEtLeal eofti- 
]KirJHjins butwe^n measured jjid eal- 
tulatcd values nf firld intcnsiiy, thr 
standard Ci^rvca wouJd be En^Klihed 
that they foUow the frec-E-poLe inverse 
i3kutice ™3ijep rpthet lltflu iwi^c ihis 
vaJoe, uid to the pc^'m of d^pilluru nt 

thr S-TlWOtJi-Eart?i thcoretc-cal curve b£» 

low tkAft This rO'lfitJCiun \f^2 

m?de iince ilic line c-ftf-rtspoadiiig tri 
twke inverse repreaEnts the 

Wiyefope erf vafuea Mperted unElEr 
amniith rarcEi c-araCitiwiS, |-ilhrr than 
tbe median L-alite, aa eaKn^plifttJ liy 
tbeac nirves. 

In iJie s^ennd poijii, thr appflrent 
rratiKnnttin^ antenna heigJit w*.3 


Study, by Croup of FCC Specialists, Independent Con^ 
suftants and Members of Industry, Covering Propagation 
Problems Involved in FM and TV Transmissions Between 
50 and 250 Me, Reveafs New All-Important Information 
Which Has Served as a Base in Planning the Forthcoming 
VHF/UfiF Ajiocatbn Program. 


by RALPH LEHTIS 


Pt^IkkI t his factor waii toiiih|eri;d 
since \ i wua I^itkI to lie a prei«jLitsLte 
t-? ttbfi dLLETsciinadcin ^oE some ^ tlw 
cither [Bctors. Several altM-n:iti ves to 
?3lfi prustut practice tif specifjin|r tfi? 
ftma^e tifti^hi tCTiain lie:Lw^i*h 

^ -il-Tid ]0 miles from ttis hrun^^litrer 
wern ouffiAiLju^r^d: naiifidj-, (a) ihc df^ 
temi 4 ^aLtOn ul an rtitrivi^l-riK 
pFsiif, fdi) eJijc Hie of a. E-tttmdiial HelEfit 
whchE bi^k iintcrvcried beiween 

the trRJVSmiCter amt recE-iu^r, an- 
tEur? krjpht HlKwe rcecLvlrtp pointy 
Libi (Jl e^tuivaleiLt canA'M iratliri 
passiE'ir ihuXJi^b truri^rrit^tt Mf\d ti;- 
ceiver Hitea. Althouieli InriivlduBl i-n- 

VtistiKaM^pu hy »veral MUniillEK itiEm- 

bera i-nibeu«d impE-nvEd -Pfreeuiroc. in 

anniE caflr? between tnfiaiirr^^mchts &nd 

predtCEioiis madr in accordaEie^ with 

wir Dr IVKITC -iiJ thE- altEnntivf mettl- 
■ods, thE ciimmittre agreed that thi* itn- 


'^^WnmEncInfi ea Lhiir £iidin^^. l;ho ™rn-mlU.« 
IlyLfd ihat thi| TitptorL ii i KuJ *ac nn all iH 
lilt proWtmi, cFEc^ Lk|| Ol ^-L^liianng ihs 
L^aiBulyLivK rwH-| qt u- iiiun iniErlarinf 

IipulS-. Tliii liiTifc-^d to tii fi 0E5T -djiAdrJt linn- 

■nlac^l probUrrl 4fil j. lalutKin ■uj3al:::if |^ uti 
III i^TJLl^fc] libca^i^ probleni llll i*L ytl been 
biiiiiH rhE (OmmiCUD T-^Il Ihyl -llKb anMn 
PKCrEmriT nmpatlant tnd nn^h^ HriDUlJ> LfTetL 
Lm xJkcjIbiin !jvretii«tt -irhtrr iC-^ral intPrfvTinn 
iwnata -iJC ui-^nrL SCsn^mr, i\ qpij. EDrrirdtr-cil 
l>al LIk ^i-twiuin 4l Ehll yr-efciira ahrrabi Bdl 
Alas' che HH4II^ 04 Ehh^ rfpuit, iinci- il 
-PO 10 the aJact nf <W E^dOfD- 

JpLfiL hiL^Ekc-Jic mpn^l ]1 ||. IflLtiidid In--ciin ■ 

I3IIM j fillip fld ri>ia pc4biciB mipi ilii^ hnor shac 
i ig^/ ^ ol 11 m pfflWd-m -H-ill tn 

riri^lA pt:or 10 Eht Ct^UluriDDfi -sf chn Jl-nb 
Maitinf Froocodia^, -^hi^ to be 

lOtld -^iL^xn Iba mxt j|a^y 4aij-|. 

Oe^TUnltUr iiiJkutcil ibi-l lit-E ■nlnriMimn 
■ I llU had ha wiirk -nrith ^a-i |dE ia:i ii^nS Jur i± 
lit mnanar iliMe eurufa Lw be omr* chan a rt\?i- 
iL-mfl¥ rOUEh LffKuMimAliun l^- ibf 
^^XklNliiria In ba ■a 4 >Kt-Ed ilin^uftiaUh lhc UaiLcd 
-Tla'lM- ALlhouffl in tfTOiL Imi ftiEJi madi 10 
ihO af ■cr'zrpnjr nl ■l*'t CiirVtS. Ih 

ttOill •^Kkcm Ihat hag nnl hfQiu JOtljt4t. 11 ilmuld 
be burnc m. oj'KL ihoi-HifE. L'hi.1 ■rd-iihioDi.l fy- 
pmmimTnil dtU Ihijf tmua il idlriiLtilE I# mod 
tiy llie CuFTti, |o l OOnP«ferblHr liLlanE 

m TDW wftiaoEt 


pr^j^-eniEnt was nrirhei: sufifieieinEj 
E^mtk. n*T tilt mai^itiMSe oF the in- 
^icRted dnapro¥>^rjLtt[i± puf^rienf lo- war- 
lant :i departure from thi 2-10 mile 
inie fur the JnvcFttEation of ElLt iiatb- 
tical rekli^cJtip£ hEtivecn predieted 
and nreastired CmisEuueTitly, 

die ayEragc krijjJit oF flw Eratisnnttipg 
RTitrmbii E[x>vd tLie 2-10 rnik sector of 
tLiF T^rlial alcuig whiell tlli I!ri=aiu:r4f. 
nH!n£^ wCfA taken wa.-E. iji£e<d as a haaia 
for a?l of the a'epsil shiEaias- 

Thc -deciEiotj En uee the 2-10 mile 
ruJE in eIlc ^Jtudies made under thr 
finpfifviiiom of tlie eommrttee f*t the 
purprtsea of formuJatanj^ a ^neraL aflo- 
catJPn, U not tO be takfin aa a rtciom- 
mendatcon Lhu.t □.Ltttmnte melkodi fttr 
I he jtrtrnmnarioti the invtEJir.^L 

heigliL In ipeciffc c^sea aEioidd nol hti 
peimitccd nCkltr tlle CtJmm] 55 ion ''3 
riiks. l o the contrary, iJie fCommiEEce 
fell [PuE the ruks should provide ape- 
ci-ficRlIy for the oSe ui api^J^rahle alfeer- 
nuiiT^ methods Uf Sp*cifyinf iIie jm- 
tcciiu hEirlLt, inch 3 LS those inentrtinifEl 
ibove. HowEver, whrfi 5 ucli alEeriia-' 
tLve rracthodfi ai C USl^, c™cidera- 
tJOh must to their cfifccLs uJiOn 

the s^daticaL pT-edlcflnns pr-espoted in 
thk rcpfvrri smce tlHBe ktWT werr 
ha?*d efi the use oE di^ 2-id-mile nde, 
and may no kr^retr be vnlid for iirch 
altmatlvc jbeEKoiI 

Tht diird Fantw invoEvcd recciv- 
irvg auEtJina li^L^ht-cain fuiKtion. Fn 

cnrriJWTing' ikc COveragE prEiiiciEd by 

the FCC SLanda.E-rlB with tbe covwhge 
as revmtEd ty experieirzi, Lt was pec- 
er^^ry CO us* dsEa c^ktiined from deJd 
int^nsiiy 5urvey.i of operating* FM aiwl 
TV ^tatierrts, A LotgE jm-tinn of thcac 
data wEie lakETi by mobile aufvey^s at 
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receiving antenna heights of from 8^ 
to 12' above ground. In order to re¬ 
late the field intensities measured at 
this level to the field intensities to be 
expected at housetop level, at a nom¬ 
inal height of 3<y, it was necessary to 
evaluate the variation of field intensity 
with receiving antenna height. A 
study of available data taken at vari¬ 
ous receiving antenna heights was 
made to determine whether the as¬ 
sumption of a linear increase in field 
intensity with increasing height, which 
prevails for the plane earth and has 
heretofore been used, should be adopted 
for this purpose. The data indicated 
that the linear relationship could not 
be expected to apply specifically to any 
particular pair of measurements at a 
particular receiving location, and that 
the ranges of departure from linearity 
appeared to increase with frequency. 
However, the conclusion was reached 
that for the purpose of computing the 
gain which would be achieved on the 
average, on other than mountainous 
terrain, the linear height-gain relation¬ 
ship should be used, More specifically 
it was found that, with horizontal 
polarizations, the field exceeded for 
some specified percentage of the re¬ 
ceiving locations varied approximately 
in direct proportion to the receiving 
antenna height. 

Correction factors for standard 
curves was the fourth point probed. 
Studies involving comparisons of the 
predicted and achieved coverage of 
thirteen FM and TV stations in the 
vhf band were made by the Central 
Radio Propagation Laboratory of the 
National Bureau of Standards, under 
the sponsorship and guidance of the 
committee. 

These studies consisted of a statisti¬ 
cal evaluation of the ratios of pre¬ 
dicted to measured field intensities 
along radials from the stations studied. 
The analyses provided factors for the 
correction of the smooth-earth theo¬ 
retical values to relate them to median 
signal levels to be expected under 
average terrain conditions in the east¬ 
ern part of the United States. These 
factors are shown graphically in Fig¬ 
ure 1 and may also be computed from 
empirical formulas {4) through (<?), 
in which the values are expressed in 
db. 

In arriving at these empirical equa¬ 
tions, formulas (i) to {4) were set 
up, where F(L, T) denote the field 
intensity expressed in microvolts per 
meter for 1 kw of radiated power, and 



Figure 1 

Correction to the theoretical smooth earth field intensity required to ^ive the median ol the fields, 
to he expected over irreiJuler terrain for FM and TV stations. The theoretical fields were calcnlatea 
by measurinji the iransiniltin^ antenna height above the average level of the terrain Wweea two 
and ten miiea from the transmiitin^ aotenoa; this correction was considered applicable lor receiving 
antennaa up to SiV in height. At distanoea less than 12 h''^ b^jj/X, the free spaca field rather than 
the theoretical aroootb earth field should be used as the reference. 


F {Lf T) denote the field intensity ex¬ 
pressed in db above one microvolt per 
meter for 1 kw as follows: 

F(L,r) =20iogu>£(L.r) (J) 

In equation (1), L denotes the per¬ 
centage of the receiving locations and 
T the percentage of the time. For 
example, F(50,50) denotes the field 
intensity in db above 1 microvolt per 
meter for 1 kw exceeded at 50% of 
the receiving locations for 50% of the 
time. 

The effective radiated power, P'j is 
expressed in db above 1 kw radiated 
from a half-wave dipole and may be 
calculated by means of the following 
formula: 

P' = 101ogi.P-P''-hG (2) 

Here, P denotes the actual trans¬ 
mitter power delivered to the trans¬ 
mission line expressed in kw, P" de¬ 
notes the transmission line and an¬ 
tenna power loss expressed in db, and 
G denotes the gain of the transmitting 
antenna array in the direction of the 
receiving location expressed in db 
relative to that of a half-wave dipole. 

The formulas for the field intensity 
are different at distance d less than or 
greater than a certain distance, 
which is the distance expressed in 
miles beyond which the theoretical 


smooth-earth field is always less than 
the free-space field. 

d. - 2.31 X (J) 

Within this distance the reference 
field is assumed to be equal to the free- 
space field* 

Thus, for distances less than the 
formula for the corrected field is: 

F^ (50, 50) = P' -I- 20 logio iWm/d) 

+ M{d,j) (4) 

(d ^do ; 50 < fme < 250 me) 

Where: 

M(dJ) = 

I 0.06/n,.-h 0.5 \ 

0.072 -h 0.001 fmc- - -1 

(d^d.-S0<f me < 250 me 

(J) 

For distances between d. and ap¬ 
proximately two radio horizons, the 
formula becomes; 

F' (SO. 50) = P' ^ + M^) (6) 

\_d^^d^2(y/2H, + V2Hr) ; 

50 < /me < 250 me] 

.Where: 

M(d, f = 0.001 /me d + 0.072d 

- 0.06/me-0.5 (7) 

(</« 37.5miles SO < /mo < 250 me) 

and 

M(d, /) = 2.2-0.0225 /„,__ (5) 

[37.5 miles ^ 2 (v'2H. -|- y/2H^) ; 
S0</ me <i 250 me] 
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Figure 2 

Estimated variation with distance ol the tropospheric field intensities exceeded lor 1%, 10% and 50% of the tiooe: Radiated power^ 1 kw; frequency, 63 
me; receiving antenna beight, 30'; iransmiting antenna height as indicated. The fields within 95 milee were extrapolated from measured EW£«o, and 
the 50% fields beyond 95 miles from measured Ei/Eio, assuming that the distributions were db-normal. The values shown represent median terrain 

conditions. 


In the foregoing formulas, (50, 
50) is the field intensity in db above 1 
microvolt per meter for a radiated 
power of P" in db above 1 kw, 
is the correction to the smooth earth 
held to give the expected median held 
over Irregular terrain, and is expressed 
in db, d is the distance in miles from 
the transmitting antenna, fme is the rf 
expressed in me and S denotes the the¬ 
oretical field intensity expected over a 
smooth spherical earth with a radius 
equal to 4/3 of its actual value; S is 
expressed in db above 1 microvolt per 
meter and is to be calculated for a 
power of 1 kw radiated from a hori¬ 
zontal half-wave dipole. The trans¬ 
mitting antenna height, H^^ to be used 
in these calculations is the height ex¬ 
pressed in feet of the center of the 
actual radiating system above the aver¬ 
age level of the terrain 2 to 10 miles 
from the transmitting antenna location 
in the pertinent direction. The re¬ 
ceiving antenna height, is the 

height, expressed in feet, of the an¬ 
tenna above the level of the terrain 
immediately under it. H/ and H/ are 
the corresponding heights above a 
plane tangent to the earth of 4/3 
radius at the geometrical ray reflection 
point and allow for the effects of 
earth curvature in determining 

Figure 1 gives examples of the ter¬ 
rain correction factor, M(d,f), as a 
function of distance for several fre¬ 
quencies of interest in television allo¬ 
cation problems and for two transmit¬ 


ting antenna heights Ht == 100^ and 
Ht — IjOOCK. The dashed portions of 
these curves are extrapolations and 
thus may not be as reliable as the pre¬ 
dictions shown for the intermediate 
distances. 

(B) Evaluation of Random Terrain 
Variations: In a study* on ground wave 
propagation over irregular terrain at 
frequencies above 50 me by K. A. 
Norton, M. Schulkin and R. S. Kirby 
of the Bureau of Standards, appears 
data which provides a relationship for 
the estimation of the spatial distribu¬ 
tion of field intensities in suburban 
and rural areas in going around a sta¬ 
tion at a fixed distance where the 
median field intensity has been pre¬ 
dicted using the foregoing formulas. 
This will permit the estimation as a 
function of the distance from the tele¬ 
vision station of the percentage of re¬ 
ceiving locations at which a particular 
field intensity is available; Thus, it has 
been found that the field, F(L, 50)' ex¬ 
ceeded at L per cent of the receiving 
locations for 50 per cent of the time 
may be determined from the cumula¬ 
tive log-normal distribution: 

F(L, 50) = F(50, 50) -|- R(L) (9) 

Where: R{L) is the ratio in db of the 
field intensities exceeded at L per cent 
of the receiving locations to the field 
intensity exceeded at 50% of the re¬ 
ceiving locations. For the available 
data and with the method of analysis 

*See editorial. 


used, the distribution function R{L) 
was found to be approximately inde¬ 
pendent of the frequency, the distance, 
and the transmitting or receiving an¬ 
tenna height. As noted, the data were 
principally for suburban and rural 
areas. There was some opinion among 
committee members that the range of 
signal variation in heavily built urban 
areas increased with increasing fre¬ 
quency, but no data were available on 
this matter. 

In using equations (4), (d), and 
f^’) for estimating the field intensities 
expected to be exceeded at a specified 
percentage of the receiving locations 
at a distance d from some new station, 
three kinds of errors may be intro¬ 
duced: (a), the new station may be 
located in terrain which is markedly 
different from that involved in the 
measurements used to develop the 
foregoing formulas; (f?), the median 
terrain factor, M(dj f), may not be the 
true median value even for the kind of 
terrain encountered in the eastern part 
of the United States, since it was de¬ 
termined from the measurements on 
only a few radial lines from only thir¬ 
teen television stations; and (c), the 
factor, for very large or for 

very small values of L may also be 
somewhat in error. In the opinion of 
the members of the committee, these 
equations represented the best pres¬ 
ently available data for determining 
the average effects of terrain and are 
sufficiently accurate as to be useful for 
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application by the FCC to broadcast 
station allocations. 

(C) Tropospheric PropagationCurves: 
In its analysis of tropospheric propa¬ 
gation, the committee considered only 
variations expressed as levels exceeded 
for various percentages of the total 
period of recording. Some of the re¬ 
cordings were for the period of a year. 
Other data for lesser periods were 
weighted in accordance with the total 
period of recording so as to render 
them comparable thereto. 

The curves produced indicate the 
levels of field intensity expected to be 
exceeded for the indicated percentages 
of time, at median receiver locations 
at various distances from the trans¬ 
mitter. They are therefore useful for 
the prediction of the variation in the 
intensity of service fields as well as of 
interference fields. In those cases 
where a station is so situated that in¬ 
terference does not occur within the 
distance ranges at whieh the signal is 
capable of providing service, the vari¬ 
ation in the intensity of the desired 
signal will produce a limitation to the 
service rendered by the station, which 
is a function of time. 

The committee found that inade¬ 
quate theory and insuffieient measure¬ 
ments made impossible a precise eval¬ 
uation of tropospheric propagation at 
this time. Measurements made at in¬ 
dividual recording locations for com¬ 
parable distances, frequencies and an¬ 
tenna heights varied more than ±10 


db, due both to the differences in the 
terrain and the troposphere. These 
variations, which- tend to obscure the 
effects of power, antenna height and 
frequency, are presumed to be due 
mainly to terrain effects in the vicinity 
of the receiver;but conditions at or 
near the transmitting site may also be 
responsible for apparently systematic 
terrain effects which have been noted 
in connection with simultaneous re¬ 
cordings made at different sites in the 
same direction. In addition, some of 
this variability is undoubtedly due to 
differences in prevailing weather con¬ 
ditions over the various paths meas¬ 
ured. In spite' of these considerations, 
it is nevertheless considered that the 
prepared curves will much more nearly 
depict actual propagation conditions 
than the ground wave fields previously 
used, especially at the larger distances. 

The data used in the report were 
unfortunately limited to a restricted 
number of paths principally along the 
Atlantic Coast. There are limited 
data available along the California 
Coast whieh indicate that these curves 
arc not strictly applicable to that area. 
In still other areas, there is reason to 
believe that the conditions may be sys¬ 
tematically different from those rep¬ 
resented by these curves. However, 
the committee was unable to prepare 
curves for other areas of the country, 
either with regard to the effects of ter¬ 
rain or of the troposphere, and recom¬ 
mended that the FCC use these curves 


for all areas until more comprehensive 
information becomes available. 

(D) Method of Combining tfie Effects 
of Spatial and Time Varurtions of the 
Desired Signal and One or More In¬ 
terfering Signals: As previously indi¬ 
cated, it was the purpose of the com¬ 
mittee to outline only the general prin¬ 
ciples of combining the several factors 
which determine the quality of service, 
since the ultimate application involves 
policy questions which were beyond 
the cognizance of the committee. 

Before interpreting the practical im¬ 
plications of the studies embodied in 
this report, there are certain consider¬ 
ations affecting the minimum field in¬ 
tensity required for satisfactory ser¬ 
vice, which warrant reviewing: 

First, there is the problem of inter¬ 
ference to be overcome by the desired 
field intensity, with the interference 
considered to be constant with respect 
to time and location, as noise devel¬ 
oped in the receiver and cosmic radio 
noise. 

The ultimate limiting factor to re¬ 
ception in a receiver with adequate 
gain, barring external interfering 
sources, is the noise produced in the 
rf circuits of the receiver. This is 
measured in terms of the reeeivernoise 
figure, which is a characteristic of the 
particular receiver design. Cosmic 
radio noise, being of similar character, 
ean be combined with the receiver 

(Continued on page 30) 
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Figure 1 

Tht fifty-pDcitJOD audio switch section, which is 
squere end is constructed like an attenuator. 



A. System 


A PROBLEM which has been ever pres¬ 
ent with the broadcast engineer, since 
the first days of broadcasting, is the 
switching of various program circuits. 
Switching from one program to an¬ 
other occurs many times during the 
broadcast day, and when multiple stu¬ 
dio operation and several feeds are in¬ 
volved this process can become quite 
complex. Remote lines also call for 
their share of attention. Program 
switching has evolved through a num¬ 
ber of stages which are familiar to all. 
Patch cords, lever keys, interlocking 
relays, and pulsed stepping switches 
are all used to good advantage. 

In the case of multiple system oper¬ 
ation — TV/FM/A M — where extra 
studios are on the outskirts of the city, 
it is necessary to operate many pro¬ 
gram loops and order wire circuits, a 
job often too big for the telenhonc 
cables. As a solution, to obtain full 
usefulness of all circuits with only a 
small number of interconnecting tele¬ 
phone cable pair between points, a re¬ 
mote switching systemf was devised. 

The system accomplishes audio 
switching right at the central termina¬ 
tion point of all lines by a switch bank 
consisting of i ndi v idual 50-position 
sections and iOO contact studs to pro¬ 
vide SO non-shorting circuits. Only 
every other terminal is wired so that 
the rotor blade can move from one 
position to the next without cross- 
connecting the incoming circuits. 
Two of these sections are required for 
each outgoing line from the switch 
unit. Fifty incoming pairs are then 
wired to the appropriate switch con¬ 
tacts. Since in this particular appli¬ 


Pijure 2 

Top view oi (he Ofttt>pt>tUioner swilch unit showing the 
switch bank. Front iteotion U o controt ewitch. The second section 
oporaces lamp cirouite ana the last four secUnna are for audio work. 



o/ Remately^Cantwalled 


cation each remote program line also 
requires an associated order wire, or 
engineering pair, four switch sections 
are ganged together to select these 
audio circuits. 

Setting the switch bank to any pre¬ 
determined position \s the function of 
the head of the switching unit, which 
in turn is driven by a small two-phase 
motor. Basically, the remote device 
consists of an indexed circular plate, 
called a stop wheel, retained by a relay 
operated pawl. This wheel is coupled 
to a torque limiting friction clutch 
which is geared to the drive motor. 
The driven element, in this case the 
switch, is connected to the stop wheel. 
Whenever the relay is energized it re¬ 
tracts the pawl, the motor switch con¬ 
tacts close and the entire mechanism 
is set in motion. When the relay is 
de-energized the pawl drops into an 
indexing slot and there is a positive 
stop. 

Confrof SysfefD far Retay 

So that positioner device can be set 
up to desired points, a special seeking 
switch has been included on the main 
switch bank and a similar switch at 
the remote control point. The obvious 
means is to use switches with as many 
contacts and interconnecting control 
wi res as there are pos it ions to be 
selected, 

tlTie auioposittoner. ^Type 380. 

®In the cootrol system equation* P = 2N^2, 
where N equals the number of control wires 
and P equals (he controlled positions. 


One type positioner^ has a seeking 
switch directly coupled to the stop 
wheel. Whenever the selector switch 
is set to any given position, current 
flows in the corresponding control 
wire energizing the relay, and the 
positioner runs until the seeking switch 
arrives at the same relative position. 
The notch on the rotor blade then dis¬ 
connects the relay allowing the pawl 
to drop in the proper indexing notch 
on the stop wheel. The engaged pawl 
also opens the motor contacts, and the 
cycle is completed. 

However, when a large number of 
positions are involved, fifty in this 
case, the interconnecting cable becomes 
very cumbersome. Also, a large cable 
is not very practical when the control 
unit and switching gear are to be sepa¬ 
rated by any great distance. To real¬ 
ize the full advantages of remote oper¬ 
ation, control switches mathematically 
based on the binary number system 
were devised. In this way N number 
of wires plus a common or ground 
wire will yield 2^ combinations. In 
practice the number of positions is lim¬ 
ited to 2“ - 2, since there are two 
unique combinations in the number 
series which are not physically usable. 
If five wires and ground are used, the 
number of positions that can be con¬ 
trolled is 2® - 2, or 30. Six wires and 
ground allow a possible sixty-two con¬ 
trolled positions. The fifty-position 
unit shown requires six control wires 


*From a paper presaUed ai the Third 
AniHtal NA 8. Broadcast Engineering 
Conference. 


70 • COMMUNICATIONS FOR JULY 1949 






Figure 3 Figure J 

Rear view c>i ihe auiOfiosUhtier switch unit. Oftly five incoming wheel and relay. 

arder*wire pair* and five incoming prafirem paiffi were wired in 
this parliciiler switch bank to facilttaie viewing. 




mOGRAM-CIRCVIT SWITCHING* 


Switching Setup, Developed to Handle Remote Loops and 
Order Wire Circuits for AM, FM and TV Stations, Can 
Control Fifty Program Loops and Fifty Order-Wire Pairs 
from a Central Location. 


by JOHN A. GREFN and R0B€RT D. ESSIG 

Director Eng^neor 

Broadcaat Engineering Department 


Collins Radio 

and a ground wire, but not all of the 
possible combinations are used. 

Se/enlt/ffl RecfJffor Power 

Power {dc) to operate the positioner 
relay is obtained from four selenium 


Company 

rectifiers connected in a bridge circuit. 
No filtering is necessary. An auxil¬ 
iary relay is energized whenever the 
unit is running for the purpose of 
silencing the program output line dur¬ 
ing the switching cycle. 

The remote control box is primarily 


Figure S 

Schematic of the mechanical elemeats showing their reletionship 
to one another Any number of Lndojr notchea on the wheel can 
be used as long as ihe correct reductioa gearing between (he 
index plate and (he firty-position switch shaft is used. 



a fifty-position rotary switch similar to 
the positioner seeking switch. For 
ease in setting to a desired channel, 
the switch has been driven by the knob 
through reduction gearing. The knob 
shaft also carries the detent mechan¬ 
ism. A circular dial coupled to the 
switch shaft has been marked with 
numbers from 1 to SO^ the set position 
being read through a small window. 
Further refinements are the spring 
return operate toggle and the holding 
relay which allows a channel to be 
chosen in advance to the time of actual 
switching. Lettered neon indica¬ 
tors show when the positioner is run¬ 
ning and whether the dial is preset to 
a new condition or is indicating the 
channel in use. 

Swiichlng Cyc/s Timing 

The positioner’s switching cycle re¬ 
quires approximately 0.1 second per 
position. A ten-position unit, which 


Figure 6 

Rear view of ihe tnounUng plate, with the switch 
banks removed. 
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IlL^rriAl <ih Iht ^Hd iwiirt iriinr -ihiH. 



Fijurn ? 

Tkd vuiirilun cDnliql h'<k|LCi- Tbt li-rjB r^inr hu. 
Nwh tbr HIDmiwi lha iLi clip! tin fiSif iinarcAL 
f«fnhiniliani hF hirivf|^ 


wnilM JiJeq^;il;d>- Ei£!fV€ tnc EWlt-cbing 

rje«b oE EUlionn, 

pN^ i-tt m^PSt invciTcd switchinp i]l 

gnc fifLy-pCiEitFOIt 

uiiiE ivilL makg one cooiplcte rcvnlu- 
[lon in Four E«orad&. 

Tht u^Jtt of lIic 

system a.rE- ruA 3 :.ltviIj 4 ^ L-u (.ko br-OAdCA^L 


inuu&try ahTnr. As a cnrr^ianiria] pos^i^ 
tLui]LT][{ dcvic?, fcfK ^OjiLU>Tt£r can ^pfiFj 
LOL'qu^d €f\ i ncb-[>ujir>d-^ direrlly 
tbrwj^b IfMT fri^tiDil oHKch, iiaJ tlic 
driven %h\\H will atmiaLI^ bay? a re- 
p05.i1 ion icip atcuracj of ^D.D& df^rcc. 
By sin t3ipwii^i]E oE rednctioci 
btEivcT;is the conrro^ hc&d anci thr. IcimC, 
nsHuil tnrrjnr eh raNily nTiiELipLi^FJ. 
When llikri diCHiS tlif fitop \vh»1 i'O- 
iUEOih at a h I' f and C0fTCfip9S!j4- 


ingly fcwfc ind^x iaotL:Fir|. abSfdScL 
TTec Limiting' caJe 13 3 3[up i^liecL with 
irtifi nolciz. If Skirh a TSdlWt^nn were 
^mpluyricl <wi htFy-puxitiOiL miiL, Lho 
avaJEalde Load, wuutd be ^ iti^h- 

pountlfl foultipliftl fifty, or 3W inrh- 

poundE. 

Any nan-l.>?i' oF r»cfl-il.iojn£r fseadi can 

Lie t£:Ln[^l log'^Lticr and dnvcii hy a 

fCiii^rfjirT^’d -utf put^f 3ty 


■• . . . 
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FREQUENCY OOEBEERS 
'With Eow'^Q Tanh Circuits 


The tank circuit Q of a frequency 
doubler may be of the order of 25 or 
less. Such operation, Is easily con¬ 
ceivable in a number of practical cases; 
for example, in a buffer-doubler stage 
of a transmitter in which the carrier 
frequency is to be made adjustable over 
a moderate frequency range without 
necessitating retuning of the buffer. 
If the doubler is an AM stage^ its tank 
Q will usually be of the order of 10 to 
15. Or, if the doubler is utilized in an 
FM transmitter in which the deviation 
is at all large, to prevent distortion it 
is necessary that the phase character¬ 
istic of the tank impedance be linear 
with frequency, thus requiring a 
low Q, 

When a doubler is to be operated 
under these or similar conditions, the 
low tank Q causes the plate voltage 
wave to appear as shown in Figure F 
Alternate cycles are of unequal height. 
This faet can be attributed to the tank 
circuit by either of two modes of rea¬ 
soning, It can be said that the plate 
current pulses deliver energy to the 
tank to overcome losses and thus main¬ 
tain oscillations at the natural fre¬ 
quency of the tank. The high damp¬ 
ing associated with the low Q causes 
the oscillations to die out at a fairly 
rapid rate, so that there is quite an 
appreciable decrement in the oscilla¬ 
tions over the two-cycle period between 
current pulses. It can also be said 
that, due to the low Q, the impedance 
of the tank at resonance is not enor¬ 
mously greater than the impedance at 
a frequency one-half the resonant fre¬ 
quency. Therefore, a plate load of this 
nature presents a fairly high impe¬ 
dance to the second harmonic com¬ 
ponent of plate current, to which it is 
tuned, but it also presents an:appre¬ 
ciable impedance to the fundamental 
current component That the voltage 
wave of Figure 1 is a superposition of 


Figure 2 . 

Circuit in which the tank is shunted with a 
aeries-resonent circuit tuned to the fundamental. 



Analysis Indicates That Frequency Doublers Can Be 
Applied Effectively in FM or AM Systems Where the Q 
May Be 25 or Less. 


by R. W. BUCHHEIM 

Instructor, Electrical Engineering 
Yale University 


a fundamental and a larger second 
harmonic can be seen by inspection. 

The fundamental component can be 
removed and the wave form purified 
by lowering the. tank impedance at the 
fundamental. This can be done sim¬ 
ply by shunting the tank with a series 
resonant circuit tuned to the funda¬ 
mental. A complete tank of this type 
is shown in Figure 2, 

The tank components can be com¬ 
puted by using the following relations: 

Let o>i be the fundamental angular 
frequency, and to. its second harmonic. 

1 

o>.' =- (i) 


At ti32> the impedance, Zi, of Ly and 
Cl in series is 



Z.-— - (2) 

j (jjj Cl 

which corresponds to an admittance Vi 
y oj* C 1 

- (2) 

-3 

Combining Y\ with the admittance of 
Cs, the total adthittance, is 


Ya — !} (Ofl 





Equation (4) indicates that the net¬ 
work Ly - Cl -Cz appears, at Wa, to be 
a capacitance C^, where 


Cl 

c, =C,- 

3 

(Coniiinied on Page 33) 


(-5) 


Figure 1 

Low tank Q characteristic plate-voltage wave with alternate cycles o( unequal height. 
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T\i ^idinl-li|hL T¥ii>«cb*r_ 
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Tt^ IG^wnwn ^ulscd^Mjiffhi Frogectur* 


T>ie J6-TiH Moraaw-riCTCaE 
amd ift i^sE^ifttcid htm camera }ias bc- 
D^nt liiE hcLuktiDnE ut Tnnst "I'V 
JlLjiriiLS. Ffxr all Ituttcni^ 3fi-cn|ii l^tnt 
consistjpig of fratura, n^wtrrds fl-itrl 

cCimni^j^iLJsi^ jjccciqiJil i<iT u. fwE 

of the ppo^Faiii time atid Fof ihost sta- 
tLOE& wiCl^FUt dirccl IKtwnrk faciiltlfEp 
vide^ trHTiKrLpftiOTS OTi l^mm film Iwt 
liccojtie oiu vif stie program 

souiwrs, In ffictK a receryt survey 

ahiwn riHt 3,bm.it ^.kT t'Fvr program 

Eirtie Ls HjetOUnteii foe [vy film tratumis- 
sions. 

In TV scTvicr, requiring bitermK- 
i*nr rtiotiun ftlm projcctora the atajkt- 
ard aouhil JiLGcinn piu^r? fitrn witl> 
frjmca per S«wd mU3t te ftUTverted 
Eb the JO fl-iuae^ per sctjcwmI TV gtaJMt- 
Erdi Jji addition^ it ia de^sii^tbk to 
ihumiTi^Ce <sjlly during llbe vcrticaJ 
blanklrtg pet iod ci£ thf^ TV signa] Btid 
thbK tlic film muBt be stationary in th« 
ga^e at dJtk time. An PXflmLnation ol 
th? Ifi-mrrr pmjiKtof time cycle peherwp 
tbe eondltloj^a -wliLth must "be met for 
ilLuminatiofi time atid pdl down tima 
TJre vttfLiiiial hbnJring a; art At 5*% to 
fiiJi- Of 1/W of « socond fco ifuE eIvc lHu- 
mination tbiie rannetf exceed oE 
t/&? o-f a second ur iWQ nurTfi^cxonds^ 
Tn duvelupiaig a projector lor Itindaed 


Id-atim m£>4Jon pictut^ aound film, pro¬ 
vision fias (0 be for the trans- 

[rtjrEmg ui" 2A ErLinte.^ ]Mh- JneLcicid anier- 
miT[«nJy paat the aperture. The TS"* 
system ^'iih Its fields 
tiaa L/2.5 trmea tlie fh&jne hKiLLoj^- 
picEure ^nte. In pracdec, thit frame 
difJerm-tii] eb tploifn [:Are nf i3Lu>- 
mlnatihg nns firame f!h.tet rianeb- and. 
the tifect one twrcc. Thaa imposes re- 
FtrirtioEis on tbe maximum puH do^n 
tame of ? mdlasciDCaieTs. FurtimjiteLyi 

thE±E arc xtaudur-d Lfi-iPni Jyrojecmrh 
that have better than / mihiseeonds 
pg3t iSo*^n Ml that li ihE |>mj«ctDr 
ttvKhanixttf Byn^ttoni±ed v^iih the 
vertical pulse from the sync- generaSoT-^ 
nu KpEri^Ll ifitErniiltanL, inch re- 

ituir^d Ear 35-fiim project-nrt-j-, Js niSudsd. 

.\s indicaied the iUumLnntion of the 
Hhn must lie tLni«d Eg ^ynudirOnczc Tvath. 
tlk; TV syne gciH^rator. This can be 
a-rCOmpLi^ied f^clhcr by gsmg a rGni.t-> 
ing shelter Eo irUernip^ a eonEinuous 

ILjfht SOu^ofi 9ui=h. 3.9 an or iainan-i 

descent proieetimi lamp or by a sys¬ 
tem ivt: Eggnd very irffertiTP-^ L|]um3n3,- 


'Ffiflni a p^pi^r flf fh4 

AntiMo^ ^ffAB Br^adc-a^f 


tion tb^ iilm {eem a pulsed Ltglrt 
soLiroe' timed from the sync gEncramfr 

lUujiifirafJflH JtiQ'tfuirE.mc’nfT 

HLgh-intensity iltumiriflti^n has \K^n 
fcmitd rverei^ry tn ubtun satLsEacECi^y 
reprod-iKtion wiili jmesent fihii ptektip 
lotiea. The EhorL Eight pulse <83^ 
microsce) tor TV ie only H m 
B 4 the puUe m =! cojiventional 

pietnra proj-scCd^f. Thua the 
light OdEpOt JtldSE be very Ingh Eg give 
ndciquate inEcr^sity thTaggb a deus< 
film OTFto tht c^nMra tube. cr^Szie. It 
wai Enunrl ihai die pulsed ILght-aource 
system Affords thb high li^ten^acy j]?u- 

Tninadnn wsEbiiul TeH^uLrifEg eitl-lCT Ai- 

ceasive power or Eorcetl cooluig. 

Iti opcratLwi, Ibe are in the Ra^sh 
tdbti ^traki^s batwoen the LwO Lungsten 
alloy tips^ about tn 7^(\oO v<rfts 

being T^([uir4fd Ed brt;;ik daw-n eIic gap. 
The tube ia ftlled with Krypton gas at 

a jH^sNurc nf ivi-^ a.tni.Oitphcr« which 
gives n bFuisb-wJiite light pulse. 

There are three functions a satis- 

InctOrv pnJsad light SySEmn TiinSt fuE- 

m: 

fJ) Gas hctvmn the ekctrwlcs mtiaJE 
be ionixed. 


U > C^MHUNICATTMa fOt Jdlt mT 


































































Shutterless Projector Uses Pulsed Light from a Krypton 
Flash Lamp, Controlled by the Sync Generator. 
Hi-Fidelity Audio Provided, With Frequency Response 
Equalized and Hum and Microphonics Minimized. 



Figure 3 

Fleah-tube size comparison. 


by H. B. FANCHER 

Head, TV TransiniHer Division 
General Electric Company 


(2) Energy for the light pulse sup¬ 
plied to the lamp. 

(i) Light pulse cut ofi at the proper 
time. 

CIrctili Flemenls Aequlrec/ 

For 3 FuttcHam 

In Figure 4 appears a circuit of the 
pulsed-light system. In the setup a 
vertical synchronizing pulse from the 
sync generator is fed through a buffer 
amplifier and used to trigger the mul¬ 
tivibrator virhich in turn fires a block¬ 
ing oscillator and thyratron. An RC 
circuit, in the grid of the pulse ampli¬ 
fier tube, is used to filter sharp spikes 
from the sync line, and to make the 
circuit insensitive to disturbance on 
the sync line such as might be caused 
by power line hash in the ground sys¬ 
tem. The pulse, developed by the 
blocking oscillator, is used to drive a 
7)SB high-voltage pulser tube. High 
voltage for this pulser is supplied by a 
conventional half-wave rectifier. The 
output of the 715E is an oscillatory 
wave having a peak-to-peak value of 
15,000 volts with a 1 microsecond 
period. This voltage appears across 
the gap of the lamp and performs the 
first function of ionizing the gas. 

Se/enlum AecfViler 

A much lower voltage, at high cur¬ 
rent, is required to maintain the arc 
in the flash tube during the light im¬ 
pulse. This is provided by a three- 
phase selenium rectifier with an out¬ 
put of approximately 135 volts at ap¬ 
proximately 2 amperes, in conjunction 
with two resonant circuits. In the cir¬ 
cuit, Li and C make up a resonant 
charging circuit which charges the 
capacitors to a peak of 600 volts just 
before the high voltage pulse is applied 


'Synchro-Vile, u$ing a Krypton filled fiaab 
tube (type FT-23d) made by ihe G. K lamp 
department. 


to the lamp. This charging circuit 
operates in conjunction with a reso¬ 
nant discharge circuit consisting of 
La, C, the flash tube and the thyratron. 
The duration of the flash and the shape 
of the light pulse is controlled by this 
resonant discharge circuit which is so 
designed that the light pulse will be 
to 5% of the r/60 of a second field 
rate. This insures that the light pulse 
will be equal to or^less than the lower 
limit of the vertical blanking period. 

Woveformr 

The thyratron carries the full flash 
lamp current and acts as a diode to 
cut off the light pulse during the nega¬ 
tive swing of the resonant discharge 
cycle. The peak current, through the 
lamp, is approximately 70 amperes and 
the light pulse is a half sine wave 
which reduces the transient generated 


in the camera pickup tube over that 
from a rectangular light pulse. (The 
unit is fully enclosed with safety inter¬ 
locks for protection of personnel and 
with the necessary power switches on 
the front panel. No adjustable con¬ 
trols other than these power switches 
to control the high voltage and low 
voltage power supplies are required.) 

Tests have revealed that with aver¬ 
age film, the palse-1 ight system de- 
livers 20% more video signal from an 
iconoscope film chain than the same 
film in a system using a 1,000-watt 
projection lamp and a rotating shutter. 
From an operating standpoint, the sys¬ 
tem permits stopping a single frame in 
the gate, illuminated at full intensity 
without danger of burning or blister¬ 
ing the film. This allows a channel to 
be readied for switching on the line 
with shading, back light, and level ad¬ 
justments preset and gives the pro¬ 
gram director a clear image for pre¬ 
view of his available channel. 

Lginp Hogsa 

The optical system, except for the 
projection lens, consists of a separate 


Figure 4 

Circoie of the syuchrcHte system. 
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Uinp hoaic wicti pFnrEsiwi Eor prccifikin 

cnouGitiii^ cantE-pL Eci^ 

Ininp^ Fcflccccir. aoJ 4:cibdetT4^ki| Iccia 

CTStCETL. 

Tbt cLjnd^Lia^ng' l^ni svNtnn IS 
si^nud n> uQ;fa3rjnl^ tllunaiiot^ iIh; ?A\ii 
ia thf ^jicrLiii c uid so deiigii^rl with 
\t^ niiTiof uq tlimiiijnc 

flaLlccT 111 thf pTo;cc3«t pjctJrc fldlTl 
svamJ^T ii9 thjn tl^ili tobcf. U 

dona by allowing a^uific^ctn nvtrlap of 
tlie fljirrtur? by lij^llt bcaan Hliii 
pfopat^}^ pO^itiOiiiLi^ thE^ rcftcLtjnt 
m^k\ rcspacT [o rht diri^ct iitia^c. 
ESoth rnution itod flcvatton of Lhe 
flat'h lanqj io pravidcd to pm-Ltioci 
prnpierly thr sonrct with rftpCCC 

[Q 1^ OpLi^al sySi-eihL Tha ]irc>jLi^iOn 

[cnB itE-^ll, Lomploict rlic opric^ nyb- 

lonn. It consists oF a 3^^ f2 

IcTHi' whicli pfujrjct^ tht -r-orr-ccr 
pictnt-d 4 l n dLitaiv^ ^ll i rimi 
tht pTojtcfioEi teos. 

The projKcor Eiehd ■ii3e?E is a lYiodi- 
fiffli Filii>D-arc projector' with a scand- 

ind doohk-olnw 1ypt intfrmutent with 

a p«L| dowm ^l^ 4.6 Tiidlisec^^mt^. Jbv- 

lEiCerlthtUfiEt iiic7VCTEitii1 ]% rlE-ivfen hy a 

IjaOft rpm, 1/75 lyndiroiTOiis 010:01 
Since no mtcjianjcal shutter it re- 

ElOir^Jp thp- ih-t?T iiTntOr cnii b\i irmJt 
£rid [hc srarring^ and 

stopping tank- iE gfrcatly icdiKcdn sinc^ 
thKTc nr-p rap hravy filaclL-mLi lai add iil- 

cpcitt [Q [Lie 4^_vstciifi. A s^anm^ [iime oE 

Ebfce aiLd a stopping L^oic vF 

two lecorMjt ii thus athiinnl A seiiP- 

tak-ppp- piftiiEianisin iiTid ar-a 

iiicliid-pd wJir-cIi X7C a]so nsaLl U? pro¬ 
vide pciL'irjiJ FttcaLities. Jiynohronian- 
tioo of the iiiiermitient inove^rreni 
thr fi-ltn wiati ttir I V \ynr^ jjTna^atrjT ia 

^Kaurarl i-iibaa :h^ iytlchPOnOu^ hiOCOt 

drive and the TV s^tk a^n^rj^cw ere 

t>oth iHE^nt |{^ the jmwaT ayKtacil. 
Ilhjuihg- iViB jirojaew l$ lajaLOmplished 
by oi]eeharai£a]l^ ehangfiti^ the position 
beti^^ch [he motor iltsfl and Lhe mier- 
mittent drive sJvaft v^ith q sEt^^^TKw 
CCKJ]»^Eiag. tht prOjEcfOr is jirOp 

tely phased wllIj tbc aync gener^fc^r 
fliid olher ^lojectftTs in the same syir 
tern, th^rc l% iiu ii^ed Eur furtheT ad- 
lustmeiiL. Since the puEwi-ELghc sys¬ 
tem properl^v tames tlte light fuIk mth 
the sync geneipIrH-^ nn dr tirld ivn thft 
drivinE" 3S rBijuGred iitJ lhi± yrO- 

Jectrir wih nlwqys UP wltli tlie 

ppotier phas^. Complrte Freadom tfom 

the poLver lin^ frrgltKiiuy ha pl^ 

taiued 1^ a>be]iKdLiziji(f ilte pr&jtetor 
drrvrr^ nwloT direct^ ffom thr ^yiv: 
UnrerataT. J1l\Ji eliEltiiiate^ liciy prO- 

‘□■II iinri idiivril 

^ajOd? nrl JpKh in J1r»"cd±i WlUa ihC p*a" 
a^Ot^r M i^hpi !<■ I-r^iitiniinui 
SIni Ein bepra-riUH vlAb IhE ^rOl-Cibur. Tl< IlllCI 
miinns nrrwwni ipd ^d^■ill| li ^- 

ruE Jj(»^ hr lik. 



S'littf* ] 

Qjcrrnl inJ mwwMlnrmK. Tin Eifflt lEfllf 

hi# tflfl aifinrr-ia Ed illnIrME- 4C>ri >#«El;lvnEK 
iSh diiEhiEiisiri rilid fUrr^F nnHlurmi. 


ji*i^-Dr phariciH tequiremoit ncul per- 
miti Ilia itatiJMV ^ync Kmitrato# i* 
phased wach rtiaioie or iietworEi sii;nal 
ro me^i ihe su^^eated FJdA recom- 
nwncliitHm coneerninif uuEiciiiuity ot 
vrrtitiil synchroniiatiott. A frrimin^ 
device^ L-s pTuvidEjtJ m the projector 
head to prnnit ^xact plarrnirxit oE Lhc 
film frame lie tllC apertyiL 

TI 1 C sotmd system cocisiats of a eon- 
Tention^l emiictr jamp^ lena^ slct, with 
u ]iEiatLH:4lS jric^up. The «u:;ter lamp 
haacrent is iightr^ hy m . hrErh-Erfrgtt^'ticy 
(5<^ kc:) ^u-pply Lii diminate iLf Siintl. 
A hghe ^i\M iE jnovidEd to e^elude 
extraneous lij^ht frorn il^e tooni from 
entCTing the pJiHMuceLI AFtei thr- iiLin 
IravMs the piLlure aj>eriuTe, thr iniOF- 
niLtteflt motion is Uigrely rfioiaved bir 
a. eonti numcsly seeofid sprortrt 

^nd B- ttiiid continuously movingf 
tpruckut tMltkh 4rJW-s tba FlIiIL &1 a 

cOilStarit E-peeff Enirn [he -aourid aper- 
(\jrr. Vilxr-jEiOn femovLnf ne diiml^illfi 
■leTlees are used. ITie&e, Varawn as iJie 
aiiund lilter, cor^sist of n waighted ro- 
iDting ftywheel Trswlly icionntLd. to Ihr 
shaft oF tlie roller whielL carri?^ 9 he 


Tii|-r irl^-rv nl nhw Ilvim banc. 



filiij post the sound apertiirc. In fuI- 
diEian^ a ilcvice cnllcd an OaE iJtalJOty 
StaLiLiidr 11 uSid t6 neulralrjf aneju^ 
lariuei in rji^ rate klm triivaL tiy 
iraTCiiciiiLiint a Fofward motion oi tUe 
fiLin on the UJee-up side of ihc sniiml 
apertUTe hack to tlie parti™i ol tha 
f*lrai tha-t Iras V\OL yet r^fjUjhrEiJ HcE ±udJld 
aprrtui e ai a badi^ard impulse. Tliis 
acts so that ony changB fiocn a can- 
r3l« in tLi^ travel ul tile ^litl is 
SLiadc Eli iieitttuliie itscFE Finally, a 
cfflistBnt tcfieiou taie-ujj meeSaattbrn 
perovidea a sicaadily ioertoi-in-g EO-^rquej 
aa the wheel lieeotiiei Inad^d wiiLi htm, 
and protects yil>ratTOn uiid 

;rTks inhf^rmt zn |i tak£-u]i dcivEO by a 
spTing Lnilt ^riLh a el ip elutcb to adjust 
fw lfirTe^ct1l^ca rfue fo cl^Pffc^ ir^ tht 
amount oE film on thr tateniiL> jr±\A. 


Tbe :Lioj.i-i'> HVMleui Lias D cell." 
wHkLi doogfwidi a preamplifier, makes 
u|p tliti sound lieftd for thr iM^jecioE. 
Since the ph^itucfill ei a low Icv-eL, higki 
iimj^ftdmLCE ckvl-Le, dw Location of tbr 
anrplift^J itCxl LO the phr>tolul>= Tcdures 
hurr -pnd nois^ p-ideup aEid provides d 
h iifh-lev^ I tower irnpedarwe kiipiilI 
which can lie pftt«d thTTiOffLi a 4:aLilc 
tu tlip JimsiLLfim- ill Lht ptoj-CCtlK hflE^- 

AnLplifter, a two-tube aFTair, hn^ a 
sclf-cor^talned fowE^r ^K\v]^r ^^id sji 
equalij^rinn Tiiitwork tu coiu-pensate tor 
the (ilm sOsohL track deficiencies. The- 
iimji-Jifitr ilfidf lias ^ FrcqLippry It- 
rpentse Ijetwc^n SO and IQ/XID cydes 
within rJh atid a ciaise levc^ 

pIIp below ^t> dhoi wllicJl IS thr nniinal 

4>input E^i^raul feu Jr^m iliE uOit 

intu M. /:^/t50 -oTvEia Line. 

TIh; equaliaatiiDih pr^Mickd will ijive 
the system ? fIji Feulil SCI to 

^■(X# cy-rL^s irfmi ^ stindaj'd inulriiTe- 
quenry wsL fiLuL OLiL oaisy FiLiti rrn,v 
dictaii a somcwhal reduced frcqomzy 
ra-o^ iv^bich c-^fi Ir^ iJuainEd hy ccwi- 
trnlA m thn t^qualizatEon iict^urh. 

Tlie systeiti rwi&c Levrl \r imjdt; up 
principally of eIm tandorr. noLse frem 
■he jibolCfCjelJ and hrfit ^mpliimr and 
niicrophonics Etom the projector n itch- 
anlsm, With the proi/eetof stopped 
qrvK \i 25^ iicutraJ fElLer ad dOE g'^te, 
ths noise level is 5o ^b and with di-s 
projectCKT ruiniu^lfp lllre total siglial-tO- 
tioLse ratio's sib- 

Caic 4fJfi 

Tf\e writrr wishes in ^ckiMwaktigy 
the work uf L_ C, Jlkpwnes ^nd E, K, 
Leder^r -oE 1br transmitter eii^sm-erinj 
rlEvLsiOrt, wIki cOratrihuted to lIik ^icsig'il 
uf the puLtcd-ligfht system. 

HlVp# qi4 
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Question 

1 ) «p<n.aog V.^^1 

^ II fi I II I- III iiiaM^iiii —I X‘\iS:R.5i.S«* 


Yes—if a Kell<iSS W 

Telepi'O”* th® standard 



By limiting the band of frequencies to be passed and amplified, 
the No, 204-2 Filter allows maintaining a high degree of balance 
with a relatively simple network. It thus permits maximum re¬ 
peater gain on circuits upon which a carrier system is superim¬ 
posed and on heavily-loaded cable lines. The No, 204-2 Filter 
also produces a quiet circuit. Its use greatly attenuates any noise 
voltages outside of the pass-band, eliminates carrier leak and 
cross-talk and 60-cy, hum induced by adjacent power lines. 

Stable balance is easily obtained with maximum ease in the 
Kellogg Repeater with continuously variable potentiometers and 
a series of small capacity steps. An ordinary screwdriver quickly 
makes all adjustments, with no need for strapping. Gain adjust¬ 
ments are accurately calibrated in 1-db steps so gain is always 
known without necessity for measurement. 


“Unit” construction facilitates adaptation 
to various circuit reqiurcmcnts, while a 
variety of line units may be obtained for 
different circuit or signalling functions. 
Kellogg Repeaters arc available for opera¬ 
tion from 24V or 48V battery or from a 
105-125V 60-cy, AC power source. 
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CorrosMWB Mn NMtBitipie 





In the analysis of electrolytic corro¬ 
sion in coils, in part 1* it was pointed 
out that leakage paths may be estab¬ 
lished over the surface of the coils 
from terminal to terminal, or through 
insulation from one conductor to an¬ 
other where potential gradients exist, 
or between conductor and frame 
through the insulation. Many corro¬ 
sion failures have been located deep in 
a coil structure, far from outside sur¬ 
faces, where a leakage path had formed 
between the copper of the conductor 
and ground. 

In order to have current flow 
between wires or between wire and 
ground or terminal in a coil, it is nec¬ 
essary that the insulating Him on'the 
magnet wire be broken to the extent 
that it is no longer a barrier to the 
potential impressed on it. 

Electrolytic corrosion is frequently 
caused by minute nicks, or cracks in 
the film of the wire. This explains 
why many opens in coils, resulting 
from this type of corrosion, appear as 
a broken wire. Microscopic examina¬ 
tion, however, will reveal greening on 
the end of the wire. 

It must be noted that these factors 
for producing electrolytic corrosion 
are essentially the same as those pro¬ 
ducing chemical corrosion, namely, 
impurities in the construction, material 
and moisture—with the flow of dc in 
leakage paths- added. This flow of 
current causing the action described, 
accounts for the spread of electrolytic 
corrosion. 

In 1937 the theory of electrochem¬ 
ical Oxidation of cellulose as a cause 
of electrolytic corrosion was intro¬ 
duced-^ Many tests seem to substan¬ 
tiate this as a fact. Electrolytic cor¬ 
rosion will take place in a coil, making 
use of the purest forms of cellulose in¬ 
sulation, If a dc potential and moisture 
are present. 

This corrosion is the result of elec¬ 
trochemical oxidation. Cellulose such 
as paper or cotton will oxidize at the 
particular spot, where they contact 
minute areas of bare copper wire that 
carry a positive potential in respect to 
other wires in the coih 

The oxidation products will combine 
with the moisture to form complicated 

Figures 1, 2, end 3 (top to bottorn) 
Curves shown here ere based on electrolytic 
corrosion tests which indicate the difference 
between a material that will corrode and one 
that will noL These are stress-strain curves 
on small diameter copper wire, before and alter 
the corrosion tests, tests being made on back¬ 
ings ol pre6sure>sensitive papers. A sample 
showing no corrosion had a cellulose acetate 
backing, while the sample which corroded used 
a paper backing. (See Communications, Janu¬ 
ary, 19^9, for detailed analysis of curves,) 


organic acids, which are good electro¬ 
lytes. These organic acids migrate 
within the coil and are readily ioniza- 
ble. Once these organic acids arc 
present, electrolytic action can take 
place as previously mentioned. It 
might well be that the organic acids 
are corrosive in themselves and also 
attack the copper chemically. 


Galvanic Corroifon 


Galvanic corrosion is in the overall 
corrosion picture in a very mild way. 
Few open circuits occur from this 
source, but increased resistance be¬ 
tween terminals of coils is often due 
to galvanic action, which takes place 
when two dissimilar metals are joined. 

The degree of action depends on the 
relative position of one of the metals 
to the other in the electromotive force 
series of the metals. Any metal in this 
series is negative or cathodic to those 
below it. Whenever dissimilar metals 
are joined by amalgamation, contact 
potentials are set up within the amal¬ 
gam itself and ion migration takes 
place within the joint. However, this 
ion migration inside the joint proper 
has no bearing on the corrosion prob¬ 
lem and is a subject of its own. 

The Probfem of Moisfwre 

Moisture is again a factor in gal¬ 
vanic corrosion. The emf established 
by the two different metals in conjunc¬ 
tion with the moisture forms many 
galvanic cells or minute batteries at 
the surface of the metals, the water 
becoming an electrolyte to complete 
the circuit, Any or all of the reactions 
which take place in a battery, such as 
evolution of hydrogen, dissolving of 
metals, and plating actions, can take 
place in the many galvanic cells at the 
surface of the bi-metal joint. It is 
these actions which attack the metal, 
form corrosion, and reduce cross sec¬ 
tion area to the point where resistances 
are affected. 

Up to this point, the fundamental 
causes of corrosion in multiple layer 
coils have been described, These reac¬ 
tions take place in one form or an¬ 
other, regardless of whether the coil 
makes use of layer insulation or is ran- 


^ Dr, H. N, Stepbena and Mr. Gehrenbeck at 
Minnesota Mining and Manufacturing Com* 
pany, 

‘ COKMUNICATIOHS, JANUARY, 19^9- 
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Part II* of Report on Progress Achieved In Overcoming 
Electrolytic Corrosion In Multiple Layer Coils; Tests Used 
To Determine Characteristics of Corrosion. 


dom wound without insulation between 
the layers. The big: question is the 
control of corrosion in a coil. 

MuifJp/e Layer CojV Corrosjoit ConfroJ 

As mentioned previously, chemical 
corrosion takes place while the coil is 
at rest and not energized. Its control 
can only be effectively maintained by 
carefully checking the purity of alt 
materials entering into the coil con¬ 
struction. Paper and cotton materials 
should have a neutral acid number or 
ph if safety from chemical corrosion is 
to be assured. 

This control can be accomplished by 
extracting or leaching the material 
under question in distilled water, run¬ 
ning a hydrogen-ion concentration 
check on the extract with a ph meter, 
or titrating the extracted solution 
against a standardized acid or alkaline 
solution, depending upon the circum¬ 
stances. 

If the coils are varnish treated, the 
characteristics of the varnish film after 
aging must be known, and assurance 
established that any acids or soaps 
forn:ed will not be corrosive. As 
pointed out, ingress of moisture plays 
a most important part and any treat¬ 
ment, potting in compound, or sealing 
up that can be done on a coil will help 
guard against chemical corrosion. 
Air-borne impurities, such as COs, acid^ 
or alkali, and other fumes in small 
quantities which combine with mois¬ 
ture to form corrosive solutions should 
be shielded out by treatment or potting 
whenever it is possible to do so, 

The problems of heat transfer and 
economics should be given careful con¬ 
sideration in deciding whether or not 
a coil should be potted or sealed in a 
can. Last but not least, all flux re¬ 
maining at soldered or brazed connec¬ 
tions should be removed. 

Efecfrofyffc Corrosion Confrol 

Control of electrolytic corrosion has 
been a problem for years and while 
there is still no control technique uni¬ 
versally recognized definite progress is 
being made in that direction. Due to 
the magnitude of the problem, many 
people having a responsibility in the 
control of materials entering into mul¬ 
tiple layer coils, have a method or 
technique for evaluating electrolytic 
corrosion. They have established their 
Own technique, whether they are man- 


by HOWARD ORR 

Works Laboratory 
General Electric Company 
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ufacturers of coils or suppliers of ma¬ 
terials used in coil structures. 

One point definitely certain is that 
not all materials are subject to electro¬ 
lytic corrosion and that materials pro¬ 
duce electrolytic corrosion in varying 
degrees. These facts seem to be borne 
out by all the methods used in evalu¬ 
ating electrolytic corrosion. At the 
present time, it seems evident that 
materials which are not subject to 
electrochemical oxidation and are not 
ionizable are not subject to electro¬ 
lytic corrosion. 

Some of the■ .materials that do not 
produce electrolytic corrosion are cel¬ 
lulose acetate, methylamathaculate, 
polysterene, polyethylene, acetate buty¬ 
rate and Nylon. Materials which do 
produce this type of corrosion are kraft 
paper, rag paper, cotton cloth, tapes, 
and sleevings, phenolic compounds and 
animal glues. In the case of paper and 
cloth, varnish treatments do not guar¬ 
antee against corrosion of the electro¬ 
lytic type, and a neutral ph is not a 
guarantee against electrolytic corro¬ 
sion. 

It is well established that in order 
to have electrolytic corrosion moisture 
must be present; therefore, one of the 
first requirements is the conditions 

=In June, J94S, the American Society for 
Testing Materials established Sub*Committee 7 
Section E of Committee D-9. It is the duty of 
this committee to establish test methods, ac¬ 
ceptable to industry, (or the evaluation of 
pressure sensitive tape. One of the properties 
of pressure sensitive tape requiring evaluation 
is its electrolytic corrosion factor. Tt was in 
this committee that the many individual meth¬ 
ods for evaluating corrosion were brought lo 
light. 

Each method presented, of course, carries 
much weight and merit. Industry engaged In 
the manufacturing of coils and also those en¬ 
gaged in the manufacture and supply of coil 
construction materials have representation on 
Sub'Committee 7. The work of this committee 
is pertinent and important to the problem of 
electrolytic corrosion, because any test methods 
established for the evaluation of electrolytic 
corrosion of pressure sensitive tapes will be 
applicable, with only slight modification, to the 
other insulating materials. 

Evaluation of materials for electrolytic cor¬ 
rosion is of course a big problem. Inasmuch 
as no method of accelerated lest has yet been 
adopted by ASTM no attempt has been made 
in this paper to catalog cr place values on the 
various methods. 


under which tests^ are to be made. 
Temperature and humidity are espe¬ 
cially important. In order that accel¬ 
erated tests mean anything they must 
be significant to the service conditions 
in which coils are placed. Recom¬ 
mended temperatures range from 75^ 
to 125^ F and humidity from 85 to 100 
per cent plus dew. There is little dif¬ 
ference of opinion existing on the tem¬ 
peratures within the range given. If 
salts are used for obtaining a definite 
humidity according to the Interna¬ 
tional Critical Tables the temperature 
will be fixed by the humidity. Opin¬ 
ion, however, is divided on^the proper 
relative humidity for testing purposes. 

One school oE thought advances 98 
to 100 per cent plus periodic cycles of 
dew, the theory being that much elec¬ 
trolyte will be produced quickly, cur¬ 
rent flows will be heavy, answers 
would be fast and the test would rep¬ 
resent the worst condition coils could 
be subjected to. The disadvantages 
are, that due to the severity of the test 
many materials which are entirely ade¬ 
quate for their purpose might be re¬ 
jected. The condensation or dew pre¬ 
cipitated on the material may dissolve 
a large amount of airborne impurities 
to form electrolytes which are not pro¬ 
duced by the material under test. Of 
minor importance would be the rapid 
deterioration of the test fixtures. 

The second school of thought on test 
conditions makes use of humidity be¬ 
tween 90 and 95 per cent. Under this 
condition, the electrolyte formed, which 
is all produced within, and by the ma¬ 
terial under test, will show the degree 
of corrosion, thereby allowing closer 
control in separation and classification 
of materials. The formation of heavy 
current carrying electrolytes on the 
surface of the material being tested is 
minimized. 

The disadvantages of these lower 
relative humidities are that some ma¬ 
terials may he pronounced non-corro¬ 
sive, which on a very long time test 
would produce some corrosion. In ac¬ 
ceptance test work, material will be 
withheld from production for a longer 
period of time if the lower humidities 
are used. 

[To Be Continued] 
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IfouR telephone receiver should 
treat each tone m the voice alike; 
that is important to you, because 
proper balance makes pleasant 
listening and easy understanding. 
Naturalness in receiver perform¬ 
ance is pictured in a matter of sec¬ 
onds by the apparatus shown at left. 

The receiver is clamped in place 
and an oscillator feeds into it fre¬ 
quencies representing all talking 
tones. Then a bright spot darts 
across an oscilloscope screen leav- 



can hear better 



ing behind it a luminous line which 
shows instantly the receiver’s 
response at each frequency. It is 
precise; and it is many times faster 
than the old method of measuring 
receiver performance point-by¬ 
point and then plotting a curve. 

At Bell Laboratories, develop¬ 
ment of techniques to save time 
parallels the search for better 
methods. For each lime an opera¬ 
tion is made faster, men are freed 
to turn to other phases of the Labo¬ 
ratories’ continuing job —making 
your telephone system better and 
easier for you to use each year. 


BELL TELEPHONE LABORATORIES 

eXPLORJNG AND INVENTING, DEVISING AND PERFECTING, fOR CON¬ 
TINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE. 











TUBE 

Tilt lj^cfll^bid iLW oi the tfk( bands 
lu'vc }y^Otn.[>tcd die pTEKluLltiL^t] 03 C]lli1)C 

t vafict^ of tgti« for fixed and mnhMe 
servLne- 

One lubf, recmlly dcinOuiiecd, tht 
576J,' B minioMirc vh/ brjuu 

pn«Tr ainplift^T, tiSB been d^aijfised for 
an low-po'wer, mnbLI-e iranamLttm 
and m tht ]ow-j>awer aia^ci of hiEher- 

ptiWEiT, fixCd-rtfition LriiminLtCii:fS„ II 

iiib A maaiinuni aiLate disalpacion a^ 
waltt and cun operated with blL 
ii^poit :ip tn ]7S nit. 

In -clasb C aeivjoe at me:, tbii Am- 
pi i Her can deliver u. us^l'iit powcf ouf- 
put oE 7 M'xiLif C.f-cj)' ^itl^ a pbi^ 
Ttiltigr^ uf JOO and a diivinK po^cr ol 
0.J& watt. With a diivini^ po^ej of 
0.6 the lube affords itMtEtd 

pD\tTT -oirtput af atinut 2.1 vfu.tt^ oa a 
doubkr B^d t.lS waiLB as: n tri<pkr. 


$7^^ ili»^ 4pplicdfaD'i 

The ji^iitj ol (hei 5763“ fit the 
nnvj] 0 pm Bockct. ftOpd if iiw3 in air¬ 
craft traTV'^miitrn- pt liijfk aLtitiddea, it 
ia rcconimmdijid 1h:Lt the iC^ktt etip of 
l>lii ^ be TMLioved- Rcmovfl] nf thit ctip 
will help ta inHjJjiP; thp jilate ( pin J >, 
from griJi J {pi-n J) and thus, pr-cvmt 

iiTiy 

Tk- bccomei hn? dcirin^ c*ll- 

EinuouB opfrntinjdi jitvH, chtfciore, Ftee 
.ciirirl^tinn- uf air aTOund ifu tube muBit 
ht irfovldcd. IF a t^\b^ shipJd ii naed, 
if bas bi^cTi FDimd ndv i^ablc U? pa Jut the 
inBede and ^cutaide Burf^ce oF th^ tbid^ 
a lUREtf blflt'V, and to provide vejitLIn- 
linn Lo preveiiE tbe temperature 
iht iiolt^BL jiotnt on tbe bulb surf^L-e 
frofti exceeding' 25n^ C- 

Gti^ 7 0^ the tube baa been designed 
'vrith hrnrj NnjjpnrE. rSdB, llOi two 
pin tonneerioRS (pEns ^ and tu pr^- 

TJiit tiJoFrr E^id c>per4iilnci. In 

iU.m, it Ls eBBtfiLLu^ ctiac both gtJd Nol I 
l^ins be eoniweted into the ciieuLt. 

Tn clpsa C 1-^3 lerriie llie ^763 
thoulil be operated with ^rid bins ob- 
taLfied from ii hxed lupply or jiTom 2 
^id r«iK?OT- Tke uk; fi[ a jprid ifi- 
AErtnn jKrcfieTrifd bAcfiuSie tb’t bia% U 
Rntoin^i ira ll> jidfu^tevl P^ ib-c Lmrl un 
che cttl-uit varicE. Becad&a of ibc liiRh 
p.m]7Ei6t3.tinn fattoi' cf ibc tube, a .ittillLI 
i^aebude tCL^^istor of 6S ohms ean fur- 
niBh EUffkienT VoEt^JfE: to protKt 1lif 
tube in the ev£nt excitaiion faituio 
and rcsultBnt 3 oh in developed bi^i^- A 
ca.Ehadc bi^a of 3 voLtS, I ttjnned fot 

iEf:A 
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Features of the 5763 Miniature Beam Power ArapUfier, 
4-65A Power Tetrode and 811-A Power Triodc VHP 
Tubes Designed tor Fixed and Mobile Service. 


protDCtio 4 ii is suFiiritiiitly ^iiuaLI Lo make 
the dc p]ptc j>?^w^r !oi£& pit dnlmportonc 

FartuT 

En t3pAA C aervicii, Lht ^jd CULTOllE 
and diiving powrr r^ttfaired to 
I'bt ikplfcd pqwrr nmlpirl will ViTJ^ 
with eIi« plaint lodditig. If the plate £ir- 
cuLl presents a rrlRti v^ly \uw rfisisLanee 
to the tube, the d^iTOft ouLput can be 
□btiLined with neEkli^elj low grid cut- 
tciiE aitd driving powrr, hut plate-rdf- 
cult effirierKv i? KiLtrifietd. Con- 

TCr?cdi/riF tb« hitu; OpCtaECS itltO A TCk- 

tLYiiLy ki^h load reatstoncej relatively 
high ^L'ld CltlTCnt and -driving JK^VH;r 
arc re^uir^^ to nbtzitp the. daaieed out¬ 
put oibd tha pUi^-citeuit cRkieney will 
be higb. In practice, a rompT^Il^]ME 
nntti' be rwic between these exlfOrlLeb. 

As aCated «:a.rlier, iba tube e^i be 
opctaltol at fu][ bpuL up to E75 fc_ 
Hc^tvcf, It IS rPC^HiimeiwIed tlint it Jie 
E lsecF 9S B multipliSr rAtbat 

tlmn 0 ^ ^ ^Lrai^fhe-thfongk ampJiElcu at 
ffcqucfPcEcs above L35 mc^ tn avoid eis- 

CCBBEvk driving p^^over rlne tn Ji/ input 
Inod-liLf ■ 

BecauBe of the relatively Farge A/ 

■TUrTentp CATrif^j hf the jfrid mii3 ]il3.te 

Eentnmals.^ heavy cotukifLorb muvt be 
used to make rirc^uT -mnnE^imns. 

When two or moie nd^^s are lejcd in 
Eb^ rirniii, pTOcauLlciiij ahiMild l?e taken 
un that Eba platje ^urreoi drawn by eacfi 
tube b rhe same. 

When nKJfff rf pawn- rEiquiteiS 
ilian tTin Ik oirtoilled froni a singflc 
iubc, pusb-pu3l or paraltcL circuit ar- 
mngcnmnts may be uKcd. Tv™ imbes 
in puTullfit ur puub-p^lt will .give fip- 
pjoxliiiarely twice the potver output of 
one tube. I'br paiallcl c.jn'bectiLm- re* 
quim no Lnerei^ in exOiTurg VH^IlOgu 
necesA^TTy to dr i va lIk tube. With 
uEber coEisvecrioti^ LIht driving jx^^r 
required la. apprU3chiiu.tely twiee thi^E. 
for B single tube 


Tk* 4-4aA 


AciOEliOL' fitccutli> announced ^6/ 
tubr_ the ^ puwer trtrode, bat 


M maximum plate diaaipaLLon oi 6i 
^'attB and woj- deveLoped for niiodul^-' 
tor, nower aciipLiFtcj, and nsnCl^ttH 
xervice. Cati he Liicd witll fidl injnll Ot 
ftequeneiti up to 50 me flud wilh re- 
ducftd InpuE up to ^50 me. 


Tb« an- A 


A ibird titbc, for higher p:>w^r 
anSdlviLtltna, Lhtf flLl-A' power trlcxlij 
baa also become available. A isiitf oJ 
these tubes sn class B setYi^a, with 
A plBtr llipur uE ^ 7 ^ ivOltd- TC^ 

^^ULri^ a ircvir>g power of wfttti 
aiuE eoji riMdulate 300 per cent an rf 
amplifier h^vt-ng* .a^i input iif watta. 

Eu unmndukiied clast C- aervhce 
unrler ndj COiaditions. two SU-As 0P‘ 
rfMCd Wirti a ptflU? 4nput |>f S20 wAtlB 
r«iuir-G a driving^ pnwer ri tb^ tubes of 
ab^t 14 w3k±L OpeiaLion ^ith msnei- 
mum h ^rmisBihlr up tn JQ 

Enc, and wiib reduced riitiT 4 f!p to iMicie.- 

In. class ff modijl^tor ur d/ service, 
4 b^ £iL|-A ^kt^1d at^ Input trans- 
furUHic iieslgued to give Rood fre¬ 
quency r-esprinpe whrn cHp=nii-ed into an 
Dp(!:i'i circuit, xucb ny ihai tepceteibtcd 
by Ifi Id eiiouit of Ebf class 8 
wEitn The signal Input is ain:Ll1- it 
shoubd also be drsauntd to bacitILd the 
requii^ iicpilt pnwer a .xLLOng Sig- 
Hic uutpuL iiaitElormet should 
be designed so that rbe rRSFtanre load 
paesenfod by the rnodolatEil cbiiA € 
sE^gc 9x r-rtl^Eed os e!i£ rccomiuejtded 
plLite-ln-plLite luLid in the ebss B stage. 

In rb is type oE service thM tube re- 
qirires no grid hl^x at j^Jnte v^3Ea.|£ej up 
tn and mcJudiicg 1.2^, but above this 
vnliK-:, ;i smoIL dciiounE lU' gTid blos is 
tequirwf. In operation eif the tube 
witti L,5W vuLty un the pFai-C, e 1 iy oec- 
r^sary tn u?ie ^ grid hiiis 03 —4.S vtfiEfi 
with tefetflncf eo midpoint of filamrnt 
operated on at, nr shout -L,* vnlr^ ^lib 
TcFej^ncc t^i the n^gateve eiirl of the 
61antent opeiated on i^. 

E^DuJn; Jiqjc^rf an fo^yri^T^ted irFarmyl-".un 
b'f iJLi^ Tnbc ul 

EC4 I 
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Probe of Theory and De^Tgn of Low-Pasa Filters Based on 
L^SectionSt CornmoniTj^ Used For Decouplmg Purposes end 
for Smoothing the Output of DC Power Supplies 
Discloses Other Applications Where Some Variation in 
Transfer Throughout the Pass-Band Can Be Tolerated 
Chart Developed to Facilitato Design Work. 

by PETER G. SULIER 

Aiifstnvt 

Oopartnignl gf ElHtrJcBJ AJiKbiHu^nii 
PenqnvIvHtlD Eh^ C4]|lvxs 


FjtTZfli nrfi otHi-vtni-Khtijf 111 

fcrjua of di^ cJia^acca btit: impc- 
dai^^TE, ajrl tlw cut-orF Cfc<iJ«icv. A 
sinKEc-WTtCDD fiJttr of the type imdci 

ot:eL!;][lE.Tat]Dii, tcTniLrulcit Z^, \* 

fihowm ill Fifuto I>£fijiEd an like 

usual WHj. 13 thf SnjHit imptdsnoc 

of di-E niter XECtiOn- -vrliEn it Ls tQ->- 

manated in that same impedance. Hide, 

]Vc 

- 

I 

J--h-- 

{^c 

Sukii^g for 

i*fL \L *f’L' 






a |iurt reij iEianrE, 

If 4h« filut is always ioriTtiRsC^f in 
its charactCTistic « mutt:* 

oE jtOwer qnnncctLTi to the hItOi vrdL 
always sc^ 1]i«t impcdaix:^ as a load, 
tut-^ wlH when th-r spare? 

j puT? r^UnCe, sJoCE ttlETi nn 
power wi]l be atrecwlificj by ihc load. 
Ibis ta}tcs pJa-ce wlitn tlic squai-s root 
term in (J) di^ppr^^rs. Thus, 

L 1."^:“ 

-- = 0 

C t 

ond 



wfrtTe o»E Ik tb>S cut-<i^ angubr frr^ 
q^KDcy. TheiL. 

t 

t-^JTC 


wht:hif fi il the oit^-nJ? frErgmuKy. It 
BJ^ODld lir iWt€d Lhal Lhe f^SOakant frS- 
queficy of a sciiei LC eircuit is 

] 

-ThereEnre fhp r.irt-nff ^r?- 

^uOlh:y aS tivricc tloE rtiOnanL Ircqujtncy^ 
En some applkatiorre it ii nrccs&STy 
tft know lhc phase shicl and (ime driay 
thrnn^ the ftlTtr. liefcrrinp Fta* 

tir* 
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^oLiriJag for the rallu —, 
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At low Ircqucncirs. ri) cait be substi¬ 
tuted Eor ^-1 arid th^^^^E□^^ 

Ep I ] 

— --= ■ — 

E, ^ + Am vTT Vl u (i) 

wher? 0 n {-uj !■’ the 

[Jiast irtgk ft hs stififiLI, ft = tait 

- 4^ , IndioithiE, a.K mig-fit he m-- 

pecced, i lag thyooifli llw fdier. SLftec 
0 

4^ 



whtrC / Ia the d^^tay liinc thmujlt the 
fiJLei. By combi dLiie and (d) it 
Lx pOsaaEiLe tO <h]itajn the relatioii thiit 


1 

j ^- (7) 

The Kjrprcssions 4rravcd BO far App[y 
to ^ filter wJldi liny rrumtiier oi MiLlLoaiJp 
since o perErct iiiateh is isiurpcdr eacTi 
aiicjori pa-ctp4frly tenriinatang- the CHie 
beEore it. and ai^ andejk^ndenl 
nf tJbc number of sc^fions, while the 
rjpa-esusWTO ffVT 0 ar>d t mwt be muUi- 
lilLad hy the: Tiiambar of sfutiunx. 

4^ Tt/iiairl-frNv^ 


UrrfoifiunateEjr in prOcLLCS It h Lm- 
possLble to termioatc the filter in the 
value nE Za g'iv-En by tiEnce this 

impecLfliice beofTmes cntincly Jossless at 
the ni;t-nflf fT^quEiw:]f. tt ii u^na^ly 
neceasary, tha-^forfip use tib€ Low- 
frequency value, i^ivtn by as an 
approximation. CompaTifioti of (f) 
^uuL [ 2 } xhowx that a soinewhat b?Ctrr 
upproocimaiidn ean be obtaLnad by 

L 

Eisin^j- — in Btriet ivitb o retistaTKe 
0 


L 

equal lo — aa a ce^mination. 

C 

Caltulataon of Ihe itansfer charac- 
rtneti^ of the ftlter t& best carried out 
with Ihe aid uE maltaic al^abra.-^ In 

imn^ this ratthi™, I pair nf ^iqufltiraii 

is obtained in lhc form 


Ein A Ef-^ B f± 

m 

I. = CE,^D 

whsra A, B, C, and /J 
associated wich the nelwork, ajkl Jl 
and /i are Ibe curr^ntf respertJvtdy 
rncerinp die network at ihc IcFc-liand 
aide aud lea.v:n£- at the rqfht'h^td 
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FILTER RESIGN 



Figure 2 

Voltfl^c-transfcr charactsriEiics of two-section fillers witb various 
terminations. 



Voltage-transfer characteristics of reBistartce-terminated filters with 
various numbers of sections^ 


side. If the terminating impedance is 
included as part of the network, the 
composite network made up of the fil¬ 
ter and its termination will see an 
open circuit, and therefore = 0* 
Then, 

1 

E-^ = AE:i,OT —^— (9) 

E, A 

E, 

where — is dehned as the voltage 

transfer characteristic of the filter. 
The coefficients C, and D are 

the elements of the over-all transfer 
matrix for the network, which is ol>- 
tained as follows; 

Referring to Figure 1(c), it can be 
seen that the network is easily divided 
into series and shunt elements. The 
transfer matrix for a series element, 
Z, is 


fi r 

1 J<^L'\ 

II 

0 

0 1 J 


in this case, while the transfer matrix 
for a shunt element, Z, is 


It will be noted that the product has 
the same number of elements as each 
of the original matrices (for the 
square matrices being considered 
here). Each element of the product is 
formed by multiplying the correspond^ 
ing row of the first matrix by the cor¬ 
responding colum'n of the second. The 
elements of th^i row and column are 
multiplied in order. Thus, for the 
product formed above, A — (top row 
of first) X (left-hand column of sec¬ 
ond) = 1 X l I 

- 01 " LC. 

In analyzing the circuit of Figure 
1(c), it is convenient to assign unity 
values to L and C, The overall trans¬ 
fer matrix is then given by the prod¬ 
uct of the matrices 

ri 01 



from which 



To 6nd the transfer matrix for these 
two sections in cascade, the product of 
the individual matrices is taken, in 
order: 


r "iT' 1 

l_o 1 J ij 

LC 7 tij l"| 

/^C 1 J 


^ ~ 1 - 3 + a;* + - 

1 +_ /cu 
2 

Rationalizing, and applying (P), it is 
found that 


11=^- 

Till 


4 + ^ 




( 10 ) 

which is the voltage-transfer charac¬ 
teristic of the two-section Slter with 
R - L termination. In a similar way 
the characteristics of biters with dif¬ 
ferent numbers of sections and various 
terminations can be found. 


E. f 

Figure 2 shows — versus — for 
Er U 

two-section filters with various types 
of terminations. Since the parameters 
are dimensionless ratios, they- can be 
applied to any biter of the type under 
consideration. The circuit elements 
are assumed to be lossless. It can be 
seen that a very uneven characteristic 
is obtained below cut-off when the bi¬ 
ter is open-circuited. With an R ter¬ 
mination a much flatter characteristic 
is obtained, while the best results are 
had with the R - L termination. 

The different types of termination 
have very little effect above cut-off. 
Therefore, when biters of this type are 
used for decoupling purposes, with the 
applied frequencies well above cut-off, 
the type of termination is of no conse¬ 
quence. 


Effect of Humber of Sectfo/is 

Figure 3 shows the voltage transfer 
characteristics of biters with 7, 2, 2, 
and 4 sections, with resistive termina¬ 
tion. It will be noted that the number 
of maxima is equal to the number of 
sections. It will also be noted that the 
attenuation beyond cut-off increases as 
the number of sections is increased. 
Table I lists three of the voltage trans¬ 
fer characteristics used in plotting 
Figure 3, These characteristics refer 
to biters with unity values of L and 
C. For any other biter, a) can be re- 

/ 

placed by 2 — or 2 —since for the 

Oic fc 

unity-valued filter = 2. Therefore, 
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Figure 4 

Design chert for poiver 
supply filters. 



Tabic I 

Values calculated for a resistive terra in atioa; 
they can also be applied to open-circuit termina¬ 
tion with reasonable accuracy. 


f 

as 2 — becomes much greater than 
unity, 



where n is the number of sections. 
This is a useful relation, because it 
gives the attenuation through the filter 
in compact form. Since this relation 
applies only to filters operated well be¬ 
yond cut-off, it will hold under open- 
circuit conditions, and can also be ap¬ 
plied with fair accuracy to any ter¬ 
mination likely to be found in.practice. 

E, 

Table I also lists — for various values 

/ 

of —. 

App\lcaf}ons 


PoweT-Supply FilteTs: By employing 
{11) it is possible to obtain a simple 
relation between the r'ms% ripple 
(rm^ value of lowest-frequeney ripple 
component/fifc output voltage, times 
100) and the LC product of the filter 
section. By substituting {4) in (11) 
it is found that 


Ei 1 


El 




for one section. Considering a full- 
wave rectifier operated at 60 cps, the 
lowest ripple frequency is 120 cps; 
(77) then becomes 

I eA 1.76 

E,\ ~~Tc 

With this type of rectifier the peak 

2 

value of the 120-cycle ripple is - X 

3 

output voltage.® The per cent ripple is 
then given by 


2 1 

rms % ripple = - X - X X b76 X 100 
3 2 


L C 

83 

”lc 

Similar results can be obtained for 
other types of rectifiers and different 
numbers of sections, Figure 4 shows 
L X C versus rm^% ripple for half¬ 
wave and full-wave rectifiers operat¬ 
ing at 60 cps with one-section and 
two-section filters. With two sections 
the L C product refers to each sec¬ 
tion alone. The sections are assumed 
to be equal, which is the most econom¬ 
ical design.® 

Considering an example, suppose it 
is desired to design a full-wave 60- 
cycle power supply with 0.1% rm^ rip¬ 
ple. Referring to Figure 4, a one- 
section filter will require an LC prod¬ 
uct of 840, while two sections will re¬ 
quire an LC product of 38. Thus, 
with one section a capacity of 80 mfd 
could be used with an inductance of 
10.5 henrys; while with two sections, 
two 40-mfd capacitors could be used 
with two 1-henry chokes. The second 
design is much more economical. 

Decoupling Filter a: Decoupling fil¬ 
ters are commonly used to block a hf 
signal, while passing dcj or some low 
frequency. The variables for purposes 
of design are L, C, and Z^. To find 
the relations between the three vari¬ 
ables, (2) and (J) can be solved simul¬ 
taneously for L and C. Thus, 

Z. 

I=— { 12 ) 

wf, 

1 L 

C = -= — (13) 

Z^rrj^ 

Figure 5 is a plot of L and C versus 
/c, w\th Zo as a parameter. In draw¬ 
ing this chart, an attempt was made to 
cover the maximum possible frequency 
range consistent with a reasonable 
percentage accuracy. Therefore, it is 
not necessary to refer to auxiliary 


charts in order to interpolate between 
decades. The frequency range is from 
1,000 cycles to 100 me, while the char¬ 
acteristic impedance range is from 1 
ohm to 100,000 ohms. Use of the chart 
is best illustrated by the following ex¬ 
ample : 

An if amplifier was designed with a 
voltage gain of 10 per stage, a band¬ 
width of 5 me, arid a center frequency 
of 30 me. Because of the low plate- 
supply voltage available it was neces¬ 
sary to use L C decoupling filters in 
the plate supply between stages instead 
of the usual R C filters. To mini¬ 
mize regeneration it was desirable to 

have an attenuation I — | of at least 

\£. / 

25, with only one section. Referring 
to Table I, it can be seen that the de- 

/ 

sired ratio — is 2.5. Thus a cut-off 

U 

frequency of 12 me was chosen. The 
largest plate-bypass capacitors avail¬ 
able were .001 mfd ceramicons. Refer¬ 
ring to Figure 5, the intersection of 
12 me and .001 mfd gives a of 27 
ohms, It will be noted that capacity 
is read downward on the right-hand 
side of the chart, and that the lines 
slanting upward to the right indicate 
the capacity for different values of Z*. 
Referring to the left-hand side of the 
ehart, and using the lines that slant 
downward to the right for Zo, the re¬ 
quired inductance is 0.7 microhenry. 
The inductance was measured by reso¬ 
nance at 6 me with a .001 mfd capaci¬ 
tor; see (4). 

It was desired to place another such 
filter between the detector and the 
video amplifier of the same if strip. 
The maximum video frequency to be 
passed was 5 me. However, to pre¬ 
serve the phase response o£ the system, 
it was decided to make the cut-off fre- 

/ 

quency of the filter 10 me. Thus — 
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became 3. T!ie input capacity of the 
video amplifier, including a connector 
and short cable, was 20 mmfd. Know¬ 
ing and C, it is possible to find 
and L froii^ Figure 5. These values 
are = 1,600 ohms, and L = 51 
microhemys. The required attenua¬ 
tion through the filter was 1/10,000, 


Pigiirc 5 

chart (or dvcoupHni filters. 


which was necessary to prevent if re¬ 
generation with the poor shielding 
used. Referring to Table I, it can be 


seen that three sections were required. 
Since this filter delayed the video sig¬ 
nals, the magnitude of the delay was 
of interest. With the aid of (/), / 
was found to be .0318 microsecond per 
section, or a total of .095 microsecond. 
In a radar set this would cause a range 
(Continued on t><^ge 32) 
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AIRBOR]%E ELECTRONIC 


J:r PLANKit^Cf the mricii-up of tllC Eu5«- 
the usr Qf tliM Bolid niaterUil nnri 
ULt approicll was I:^m- 

^i-itcred- A.Ere-r eclrlEc1tE^□■b^^ 
tion il wii dnekfed iq uh; ^ k J mesh 
Jiirdwf* nc docfi in tfie cotifitiEictinji « 
the mnek-up fuadajfL TJiia Tsiatcj‘3iil 
whcti toldeftil it all: f?vcrljp 

pan^ BJid mating ^iirEacea prt?v4id be 
fuJtj a& affcpufli-^ E^^^^ricaMy flJi^L rn*- 
eiiinJLally^ as aoELsl citKtal fnr iLmuEai- 
ijiif the $k3n OE thfr airLTJLft. AEw tile 

mcaJi pf this matttiaL wat ^arsc 
p^urh BCi ilJow nfFficimt paiaa^E pF 

air Rnd itghE Eu e^i1llini^tc a vcncilatijig 

and lij^hErnu piotknL ^iiiiin the Fiastl- 
This nmtHrijil: is l igld &aoi4fh 
ht psiTtially aelf-iiijijjnrtiqg, easily 
aciLd;^rKd apd readily fotfmcd into ^ty 
Etiapr. 


frirEa-g-c 

'Ihr. ssmidated atrqrBEE luselage was 
«TTLijructed on a w^den -FraTTiE whieh 
provided die nBcwsaiy rif iditj-; Aq^t- 
bulkheads and Nhe^ves i¥cre ii^ajd? 
oE plyumeid CDveeed with frardwatc 
mesh eltitfi wFiidi woi earcfidJy sol- 
dereJ {kwicled) at aJE joints. The 
mock-up wa^ iniidr Salt oeaEe; eLie di- 
TiiemiLiris, location at sJtelvtt, lulk- 
kenib, m^itign of cquipciDcnt, rrmtinir 
of l^Wea, and laciqqiong of atitcnnas 
okt^aned f jom d/ox^-iiin-B hkF the airejaft. 


Jl-nfearro f^rfintni 


3 e yni¥ Rot eotfliidemt ftiiahle ob¬ 
tain ^tii^na pattenii oci ll hiH sr^ale 
^ock-itp iti a jJiieL^Lej ingm. llow- 
ever, inler^CtLWtj iJlltPEmnirt nr 

niaJ-FubLEionan^ of e^iuipmenta pm- 
duced hj antciana ccnplangf on a nioeh- 
□p L-OenpjrRi FavorabEj WilZl an :Lf:tLial 

aircraft instalktirtn.. 




Ptiy^et fiKT the cLrrtrnnac ef^LjipLYient 
is obtained Irnm EfiC jetieja(nr Speci¬ 
fied for the panieuLai aiieraiii imettr 
ItiveatJ^Lipn. The aircrafi cnBtne- 
driven |{ene:faEOr ia op^r^ted hy j. vari- 
cljive ueneTAtor (cst stajid located tn r 
icttmij Rd^jacent to tlifr acf eciiEd 
room coTttair inj; Ifit mnck-iip The 
Tfirl-iSrrvfl Lfr e^pabk *f rfEivisiflf ths lie* 
erafi gefletator unilEr irs pnrms^l load 


and ipeeil eooditLorK. The powr le^- 

ubi^irs, cutout npd ^arcrdfl tattEry are 
locatad dthef r*lr i 3 ie Ecncraiot at an 
the FuseEag^ dcpendunr upon the ait 
graEt iustBhaiiLin. Power and i^her 
cofiiwtiona between peibcratoe and 
mock-np are nnut^id thfoua-fi ^ conduk 
brtw^cr the Lwn rn^ms. 


fyjfEEBi froeErfur# 


The s^etcm anJj^is be^Ena irltla a 
careEuL check oF tacfi nxaipmrriE prior 
tn infltallaLion iti the D»ek-dgh to mshe 
turr rliflt equipniatit^ beloK used acE 
Funetltntiii^ noruiiilly in evEry respeeL 
The cqcii]icnrni =ie llban ibstalled in the 
nwck-up placing Che oomponents 35 
clcM( -HE posailiEe cri- die Inciition desif- 
iiaiad lor weh cqulptioem -n the pro- 
duetHmaiTbry^ft, Irtcrconbe^LLbe caUtg 
are Fabricated uilnj; unshielded wir-as 
Jn rlie luifiaE" influLlatinn eKcept for 
toix cables and other wires ijit iirr 
kn&Wb to raqiaLFc shielding-, 1^0 ijft- 
tetuunnestL-qf cabLea are abo located 
in thr ^ldd^-up ib near-as pi^ildr to 
lilt uusilitm spociSed oji the ptodcfeEcOii 
nircraft drewin^. ITic various equip- 
rnrnts arc ijitcruoJiitECE^ cnmpli- 
nnrE with the requiTcmojitj and .spKci- 
ficathom stc up fnr the aircraft. i.e_. aJE 
rEwlio rcceivei audi^ and tnnsinitver 
siek Cnor circuits are COflliettCLl t^ dnE 

intercoibnutt]ica.tifKp a-ystein. 


Cfr-Eclapi 

At the completLOri 01 the insiaLlu-tior, 
ificluding Lil] jxjw^r and eleccj^ie 
cquLprnente For cLie airnrait, each rqu ip- 
mEnt IS rareFully elsecfcjfd in every re¬ 
spect to Hrtcrmine if is fuiKtiooinf 

npriUnPly EqUipOhEnEs thnt 4ip nat 
fnciL-tN^fl ufirmHlly Bf-C chccked CQ dejer- 

mine the einsc, anrl corrective action 
is tahui. Then all eiilu pmcivts arc 
luTnrd on airrMikaneonaly aiMf cacti U 
carefully ckeclcEd cn drc^rminc iE aqy 
LTthcr Eqqipnwnt ill llie iartJ-afl. whm 
operated in a naTina.! munnET^ rgiu£/-3 
any iralfijnctiijn iT|^ « Othet>friae anHir- 
krrE Wiithche Equipn^nc being-eh^c ked. 


Mec4;-Up RriinE-PF 

Brsetty Bome oE the ea-usES uJ air- 
home iysCnn mjlEunrtieini-rtg-, expef-i- 


enced tb ctiEse nmck-iqw, aa-^E 

{a) RedLurtbrn In output or sexisl- 
tivaty due to rtiEs irmtched intpcn 
^Tiees nr paraLLet nprratdon 0 -E an- 
tunnaSr pJu:ttt;!i^ CCC. 

Electrical intErfereuce *r Jr- 
teraction hd-wetn contmL*- Le_| 
mti\Q level m posiLiOn y^fwts 
EcveI it another station. 

(c) InsuSkEectt adju^nneat of iu- 

diVadniU cquapmcbls b> :lI1ow COtb- 

pn&lte atrcfaft iystem to EnciLtiTiri #a 
trquiTfl!. 

fflT) Vnttn^e Te^rulaEJon nj power 
cqoipmtbc jsaor with suddezi ctiang^s 
\j\ Ibart ^om bo-loa4 full-load 
(ej OvErlchadlbiJ oE wiring-, 
cireiJit brClkers., rjwI power g-nErat- 
in^ fljiJ ceutLrol Eipi ijunmt. 

l^ck of prot-ECcinq for some 
ciredti 

(p>^ Power cqtjipnKnS Erequtuc}- 
variatJon adTorsetj afifEOtmg erfuip- 
maLti; l_c_. eauFtUE ovet lieatcng^ ck- 
ocBEt^ ripjdE, almnTTnal voltages, 

etc- 


IrrFErfcrvjicy ^.re^li-tfth 


Electrreal intertErKnce hctwceit units 
ia- inciher tcrious ri-diiJe Enunnn-tETod 
ijL li etjUipbsLtE ^ysterp. Equipn^nta 
which may he Ij^LerEetcrKE-fT^ when 
operated iiwkpendenriy luay Lanse 
erwMi^h intKifiirEnce to rendej alJ oiker 
^uipmeiLt in the aJrcr^^EC inoperable. 
IIk major aourtea <if interFerecicc 
fiMont L11 the syttcHi eoveic^l at 0iii 
aclivicy Jn-ve been fii>iJriKl to be l 

IbierferenDe ^nejm rotating" 
tnachinETy; dyTiamofoTS, Envercerflr 
4c btficora aod iK^nerfltors. 

(tj Intcrfer-cboe producEd by in.- 
lerrvpteri vibrntors. telay 

cflJttaLts, finger type voU^gt regfula- 
tors find many other -devscES nf a 
fiindlar n^lnr-c 

tc'3 FiiSstJ-ty-pe irIerfErerct pro- 
flqctiil by modulators. Enutcc- 

vtbr ator cirLmCSr »vrEcp direuitP, 
inarliEr pqlm and a-pdfk ruhes_ 

(rfj R/MCilUtOr LeakFigir produced 
by cry'.tal, brat, miStfir arid JocaE 
oicHEators. 

iSpurioos signals produced by 
buffers, hnrmnnk ampllfkrs and 
mansn'iittef, Fifud acoplifiirr, EnneEa- 
nienEal and harninnie frEquenreiee. 

{fl t>Te bitc^kre^ice pre- 

dneoJ by v-irlco signals 
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Pigure 1 

A lorward view the operstnr^s poticton io the 
mock'up. 


In the analysis of electrical interfer¬ 
ence it is usually imperative to deter¬ 
mine: (^j)'the source of interferencey 
and (h) various paths by which it is 
beinf conducted to the affected equip¬ 
ment, that is; line conducted interfer¬ 
ence, radiated interference or a com¬ 
bination of both. Receivers which 
cover the interference frequency range 
and are equipped with a loop probe are 
essential for this phase of the investi¬ 
gation. 

After the previously mentioned in¬ 
terference information is determined 
corrective action can be taken. Usu¬ 
ally this is done at the source of inter¬ 
ference and consists of adding a prop¬ 
erly designed 6lter, shielding, isola- 
tion^ bonding, etc. However, in some 
cases it may be necessary to apply the 
corrective measures on the equipment 
which is experiencing the interference. 
No definite instructions can be given 
for any particular interference Or 
equipment, but careful analysis of all 
pertinent information together with 
technical and practical knowledge of 
filters and interference will enable one 
to correct the most severe cases of in¬ 
terference. 


Syxfem5'Ana/yiJs Vofpd 

This systems-analysis activity proved 
that the logical place for such work is 
in a laboratory where all necessary test 
facilities and a wealth of technical in¬ 
formation are available. Practically 
all of the malfunctioning, interaction 
and interference problems which had 
been arising in the field were elim¬ 
inated as a result of this activity. To 


expedite the providing of usable sys¬ 
tems to the service groups it was often 
necessary to i;o<:orpoTate corrective 
measures which were applicable to that 
particular system in a particular type 
of aircraft. In all cases where the 
correctives were made at the source of 
the trouble they, were adequate for any 
installation. The reason this was not 
always possible was that it would re¬ 
quire a major modification to produc¬ 
tion equipment \yith a resultant delay 
in delivery . Xhe wartime urgency 
made temporary correctives manda¬ 
tory. With peacetime removal of this 
urgency and closer cooperation be¬ 
tween military agencies and manufac¬ 
turers, many if not all of the difficulties 
revealed by system analysis can be 
eliminated. 


Group's Expanslopf 

The system analysis group worked 
on approximately 60 systems none of 
which were entirely adequate and 
many not usable in the original form. 
This is no reflection on any individ¬ 
ual's ability to work up a system, as in 
all cases discrepancies were entirely 
unpredictable. Actually the origina¬ 
tors of the system did amazingly well. 

In its early stages this activity con¬ 
sisted of two radio engineers, two 
Naval chief radiomen and one screened 
room with which it was possible to 
conduct work on but one system at a 
time. However, the results of this 
work so conclusively established its 
importance that the Bureau of Aero¬ 
nautics immediately authorized expan¬ 
sion of the project. Accordingly it 


soon reached its peak performance 
with a group of 22 engineers and facil¬ 
ities for conducting an analysis of five 
systems simultaneously. This condi¬ 
tion obtained substantially the same 
throughout the war. While it is no 
longer being conducted at NRL the 
project has been set up on a permanent 
basis by BuAer at other Naval agen¬ 
cies. The techniques and facilities de¬ 
veloped at NRL are still largely used 
and personnel trained there are re¬ 
sponsible for the work at some of these 
agencies. 
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Pigure 2 

A forward view ol the patrol aircraft navigator's 
pOsUion> 
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■ ■ H 

&.£. .PLfir&4lf JUOfO AM.PLPFirA» 

^H. FU irrd T^"" plHE lPL SUdin rh^Fipq-? 

JnnnqnrH ibe Lrsntmiil^i dlvkirm iil 

El 

Thr. anipMFtrr^ fduj; Inbu CJeckti 
■orranlf^ a' IIh ™r dF Lriji:, f^hllh *i inio ■ 
tt«lF whicb m>n be rrmjnitd in Jnj* ilMAdTir.l 13" 


nbinpc or ^dEk. A hip^ frm b&fkil u* 

’hr fliffdF incTDila rrplstr^im suf anipli Mn 
luhe rhiK'Jt dfbra ihE- Exiinl pF lhi ni[h. A Sf^- 
allil CLInixcq- L^rti JlTKfaciJ lb EliE hear ^ i,hi 
F-rtne pinN hilka a rii^iiKk in III^ ^.ul mny 
dUi^fil jmiilidHT Pnr munlEi^aiiiEC in p mrlnr d1 
nric 


CO^rfQf^ CAFACi-tm^ 

A t'lJdEi'Ai'np rlF^ifn^d h^jUj Lhi; pr-i^ 
Bm iJ lE-Zhbl lErminnl b-YPI-iaiAi' "hici 
\m rompJCL ihiBliJvri. iinii, k>tr 

MnLr^l^ mica bbpAciSnn iHiMltd Tprvpi an- 
«IiEf. hni li**n iKOilHC^d lij ilir CnmPI-E*- 
tnmpj^if. IlTl'bEady^ If^ryland. 

MOIKHia jzis |iriivid-Ed iDt licitiE iizphb ^-ul 
^-Ihn^ im\\% iJ>|£ ltij± irniB at^li la^FFW 
*r|v lbdU<d aJ^uEU \-r, i|hb appEinn icln to^kM 
LKTK.Tng9. 

Tk alyrtilard JZiHp. I t M rt . li dE 

-F-CIKd lar ippliciiiirtn lb firt r-pin aninial-un 
lufc^ p>-kEd 

Ihr- ml ^ Hriiffa^ ID IE E« ndlrL 

fTiL so t4C-WHtf tMHO VJJ>» '$CO^f 

A FTT-rJSA, Hlikh rl md hj .anp^n [1« 

^IrmLbn nE Hbira-lorrP^ kivini iTc^iiinpy CWM 
pKnLb jj. h|f 3 5 D luc ■nd aq li^u u [4 £pi, 
hiH biiiibmcd 14 V Pqh^fri^ TelBmmmnniEa- 

^ InUjiTiDTHL I he.. SiKl WuhJT^ripp 

iSuili^ 14 , K" a. JUip«ii^ 13 . thid qp Lk cb- 

inlrv^j- ¥lEb jbFTicicnl imiilinEbdn^n En -pivividt <k> 
HE^IH. lEisiiEivihy 9 I |;Eid--iE-pak vobE pH 
■'I iPipIlflt.T hll A bniiluldl-h. 

uri Id Ovd InJP rTK. 

Twn irnilH PPE mvIdEd: uth B» BLnimiln Lt? 
Tomu- ODr^riKTEi iiniJir hrsL, |l|<- i>llii^ Fnr 
iLTtEH -ee^mcLmh In wrl4eb1 amiJiFipj, qiKEr^- 
mYimiiin Sffl-lflri'iLj ti rEqaixiEl 

bblh Hp£LiLi-c and lT^n?rE^1 m ia- 

Enrl-nlrngJ will qlmt d:iriNEi4viH LuniiLEfnt NkP 
tN SU PK btuJifi^lh. Syii^^hliALkM Pru^ 
iilHtr an FfTli-miL or K:_Ef^il Ibur-ia iq iqd' 
IBT^ni 1 hr iYliOftr-muinp nwnql ^rKfiMludE-- 
VrjL’idcd ■ fuaiinmni pF AL ra|E Lf E- 3 ^^ 1 l^d. 


%HAilQWO%% MNTEMHA 


A Tlnmt;^ iDUnwJ UrminblinE rPf IflWj. Na. 

hai twn anlT^durH &f Eb Shiflu^ 
Hinu iHLurinp CanipAny, CiiDinHHiili fVniii. 
i.-niiiUa pF Evrp fibii-kstKli-av Avrlbh-l^Err^ 
^uiind nhm r^iljq^ri nui^ibmH ifl. u ffbaHd 

CcrriiTiic aniiilaliijf i^jdl uA ual^ U-TMirr A -ffV 
PHEUum rnnhul. 

Lr^ ArE- ni|| iHWbhiJ ■^^ 1 B HhErh 

DEE- ilEWwd Kf HW1I MhEXiJ N«. bTrlCMPb 

'^rn rEMlAH acF r^i^j jc 2S ^wLl ili^m- 
drtflbdil Db u|icidL« hahyivfn —^ 

CTiiit ptcEuiirni i Imj k 2 |^ " Hiamann- 

iwcriLI or 5-M.” lOhd X IM-."" ninmatiT axr^niN^ 

dF Ihr E-^^kLi 



4Hf£HHA 

^ ncbilr iDlEfetu ui c::via’ 1 $^ 94-rTiripr ba^. 

f^clbunr^ 4 kflir ln^AilUC E-bll Irlii L ^rAdbLlid or 
ELixTinp' V-'Lip aJj AlfCiJt aix -hEt in JEnifth, ■lb'Ti[ 
H ^IF avcaalL knf rh dF t^Ul ■B"', hU bCE^ d* 
hr fifiAAx ¥r^\i. :^itir-zi Fnlln, 


N V. 
n ia 


aniil 
4 dll 


llnl; njip 
«> 1 il H± 


L^PE■ bP 
r ihm tx 


□ Ikipni lA 4 ^i 

IllL-Bful n^^ 


WiHDiX DC MOTCH 

A kucnl-aaiErplIhJ nMWr IMI rsdUEEd. 

IV &«* PlRj [liriiian Pi ?r>E Bciiilia Arii- 

11^ LbTForBtKB, kryl Ubllk, K. J. 

Dmrncd Fbl l|■EEuJ: ^haraa r^K^np 
iflBnFj LnFi imEoa-, p mnfciniiqrriidULh Lj>M, hu u 
illduE ad lEk P dr pqd i± runl bI Hip kp. [|i. 
oi^nul vwd i± ajdCfl F^ni. Haq. p rincrlfup*^ 
^vpi-po* n-hiA ale? arta i Fail. 

TTib niLriur d-i^=ixii:r .1 i-M”. imiKli -A'"* ^ 
WTiglll 'J pPUMdl, 6 OOBCEB 



c^iMiRiffer THE^moMJC umiAiune 
ceajMjq COIL roiju 

A mi«wiiri Hcimii; njil Iwn liii bera WB- 
rfhjniEiJ hw lilt El'qmbrldyp TbernrirE-K CbEDHI- 
Unn, 115 Coi-Ebl^Ava-nuE^ Cimbrldtt J 1. ^ mi, 
riMrifiii*^ J-STb Lfe lOciB ia CESJlruci^d 

AiE^b imprrEMAixJ itranizE i^rtli L-i, JAN. 

I IVS Mca^rinn l-i-'lj" in l.EiEhL Fmqyqiq^^g 
Ibfl rnrm ’Ml I dlAinqTlor xf JVIP'' |^ mEuzIa 

In at » 4 fI t 7 ^ 9 ^ 3 b. tqld-. T^lt Inxivli^ IruiAiriii 

bia All pli rirtad. 

MEnJEilinr budiinr/ gpd r|i|g ijp^ adpaplabK 
lErmirn^ .qr? IH-Aabr ihl- hii|hinfp bupr .E^ 
P^Uni ijlLliaL and lha- Errnil^li dlbBr pIeIpH 



HfCKOK MICHCVrOLT 
SiCMdlL &EWt|rATiSi 

A mirmuEfl q-^np^IrvT, inedd- di-aiFiiad 

iipF'^i diAiinrl TV biiiI xvqbiir 'b«nd 
PrEijurntikii n FiinilamBnrqli, hlA P^rE. wfi- 
bh 'J~lb Hk4.bk EIceIekbI IniLnimPBE 
C4.. J4SiJ DUpbiiL A VC., C^vclqiid 1 , OWv. 

3lcjnj.-rcB hall i^T^|nal inij oiilpui. bF uIiIIewe*t 
I r^i; mi^U^AlE^ bnJ mnYudnlBlvd miL^r Prrvn F 
111 aOCl.m rhienwAa. M^p^ hr riEltrMlIy pud 
iiklqhS Fnsm 19 ID FftiJIJO *Erl. Is+lE-toritar-ucd 
DAC^IIliiar OiEE^IL 

Ffc- EnniilaiE- iiifin-matiiiB httI^- || D ]ohir 


CArACfTAMC^ 

zii^MfAWAra^ 

AjD LiJlA^tk ^JumkgpEE- CWMptXBbM- Ibil ^ 
uiirf ao qllaVi All onikiliEd riKraA,Tr |b fi i^. abrL 
PE Cb^ La ninny pq OkpidiWrx x kgi- 

bEmn dcnlqp^i h^ iht Clippird [nsirijnitjjr 
nraiqry. tnt, I 1^5 iB^nk guAEE, atlnnTCsrj. 
Uhiii. TnprrumEtlE, mudH VC *. C-nll All ■!j|ibl 
bf capLPilArb, -paprT. miCJ, All €1 IeiI erramir ind 
rmcErid}mif 

PlEDtr iE a Iltbc ^seb^, D'AibeebftiI 

■ yr* H Wie-3IAii lllnkil in^inrd iDr ^llfl-T 
VihM _ hillb minaETm p*rp3li4 PIeIot mckIw 
TEaila m par MJcub ia ^^IIT 34 mniEd tA 

l.-OW wFiL TTiek prt ib-rte- icl>c|. Am eIh EulEr 
in ruwi bl —2^ lu |-E'^. 

Ud SD^ 4 ii -l-]rkl^ 


ACMfi £J.f trJirc VQIT>qfrf H:F9EJtJTQlt 

A 3 EmhlB v^iRFE-r^ullilid# inaEriiiiianl. ttin 
pDki-iHi'. iLak b^n ikvidr^ b)f Af^E iC-kLlirk- 

CgrpiirpliAii, Cie«, 7^. V. Thq ipiiL |UL ^LTldii 

bqVA EIhE Err iqdiviiJ'vqPl^ Fjpptd nl l-iirn, 

VrIiiKh II lAld. Ln panviiln a Ml »imkc *8 fltp^a" 
laintrrd Frtffli M 134 vflilli. 

Aa^uI JIiIA -In Lbc nranu-laf turn, tSa^ b'lAlB-dJ 
ETX4j1qliq|| 31 KCU^raw lb 4234 ■lult adiailninit 
■ I^Hl uUIJ^M vullBK^ ia pi-pchr^lly |f4E-p<ildE1IE 

uF tba lnai\ 

E-a|jji.ipd mih FaJac 4 ll-Q|> rbll-nr^Ei. ^D‘ Ei^rJ 
pnd p1ii£ Alld MiM^ ImndLc. ^ixn ?4li" r 
hH' i ^ks". ^ ^ 


jrAiyiAJFr ^rSRritdjr-cQMi'fRTfAS 

A. i^Om-TF Lana fqr Pf 1D Q( fA^tt iiDn nraiiiii, 
I* 9I4.MIA dO>AP^k nr Frrvi A |:d^ ]:^, 

ur I I■4■^l^ dc liqi hi^P iPMiAinEtit fc? 

Lha HAiliiri Lorp . Cleiiclittd, dhiu. 

MuJr±d 4111 hEiidlq. ^nnnr Ewpnma^lb rL>-fi- 
cBf Faijm -HI l« 3JD w*iLj. &inE- aP akr -mHa 
PAAE-bI e a. RrH-a^JurvniEEA EhL-l nl|nvi Fnr Kl AAP- 
Lrol Ihcnuyti Lha cnilin fnyyk, Ali^Ff^hLinR Eurii- 
^ rl^ t-'jb^B^ M Ind nFF raHi lima rhr mi 
Fia^F ra Eumnd ud nr nS. AncidMr pFnL#rt ll A 
VErinhlB FrmiimEj ulprMAi .EDDMul IEbL AMAitL 
IAi Wrll^ PEsStaB*-li£;p 1u inevrnt -A-aFi-.lik^ prf- 
IMm dxaLAiljqn rx TV ub TacEpcin. 


fa • coMHUhic^naifi poh jult 
























VETERAN WIRELESS OPERATORS ASSOCIATION NEWS 



Ai [he flnnuftl diDner-criiise of the Chfeado Chnpfcr, left to ri^hl: Howard Dodge, Walter Marsh, Gaorge Martin, Les Gordcr, Bill HoMigao, Tommy 
Rowe (chairiaan). Royal Higgins (atanding), Tom Moore (guest speaker, Chicago Racket Society)^ Louis Baer, and Harold Salford. 


Persona/s 

Lerov Bremmer, when not ai home in 
Los Angeles, is either radio engineer¬ 
ing KRSC-TV in Seattle, or making 
a summer trip to Alaska where he is 
supervisor of the radio stations of the 
Nakat Packing Corp., of Seattle. . . . 
Wm. A. Breniman, who likes Illinois 
so much that he still lives in La 
Grange, writes that he would like to 
see more about some of the lower 
brass of VWOA in the annual year¬ 
book, instead of so much about the 
higher level brass* Regardless, though, 
he thinks VWOA is okeh* Back in '19 
he published the Trans-Pacific Wire¬ 
less Operators Handbook. He is now 
chief of the Communications Opera¬ 
tions Division, third Region CAA, 
which means he supervises about 550 
Cominuiricators. . . . Packanack, N. J., 
is now the home of Alfred Dowd. . . . 
H, J* Buckley, Elmwood Park, TIL, 
writes to say that he is with WGN in 
the engineering department, a post he 
has held since '37. He started back in 
’14 as a ham, and has worked aboard 
ship^ in broadcasting at WLS and 
WBBM, and with Northwest Airlines* 
. . , One of the talented technical wri¬ 
ters now with FTR is none other than 


F. E* Felton. Larry, as many know 
him, also operates W2BS. He has 
served as an operator at WNY, WSH, 
Eastern Air Lines, CAA in Hacken¬ 
sack, N. J., and the N.Y* Merchant 
Marine* , * * F* J. Gommo, one of the 
outsUnding installation engineers of 
Tropical Radio, has been doing a 
bang-up job in Central America, out¬ 
fitting many of Tropical’s stations with 
new transmitters and receivers. . . . 
After a long absence we’ve received a 
note from C. P, Gruetzke, wishing 
everyone best 73s. CP is now living 
in San Pedro, Calif. . . . H. D* Hayes 
is with the FCC in Chicago with the 
title of Engineer in Charge. Hayes 
has been with the government in radio 
since '23 and for a while in ’16-'17, 
having worked in San Francisco and 
Seattle, Washington* . . . Earle E* 
Hill, one of TRT’s oldest (in service), 
is now working at their new station 
at OJUS, Fla. ... V. A. Kamin writes 
that he is now living in Elgin, III. . . * 
Ye secretary. Bill Simon, has pur¬ 
chased a gleaming new car and left 
with part of his family for a tour of 
Kentucky, revisiting his old home 
town, Frankfort, and other familiar 
sites in Louisville. He’ll also be stop¬ 


ping off at Chattanooga, Tenn. . . . 
From oldtimer C. D. Guthrie has come 
an absorbing report of his experiences 
as a naval radio op, a career which be¬ 
gan at eighteen as a student at the 
Pennsylvania Nautical School, with 
training aboard the U. S* S. Saratoga, 
a sloop of war built in 1842. It was 
aboard this famous ship that Admiral 
Devvey, Farragut and others served. 
In ’04 Guthrie enlisted in the U. S. 
Navy as an Electrician, third class and 
was posted aboard the U* S* S* Lan¬ 
caster, another oldtimer which roamed 
the seas during the Civil War. While 
serving aboard the battleship Ken¬ 
tucky, as an Electrician, second class, 
in the dynamo room, Guthrie received 
his first opportunity at the wireless 
business, when he was assigned for 
duty in the wireless room* These were 
the early Telefunken days and were 
quite thrilling, notes Guthrie* The 
range then, using a coherer, was 150 
miles maximum. The coherer was 
praised and criticized, and surveys by 
the experts finally indicated that other 
methods should be used. As a result, 
Guthrie discloses that the mercury tur¬ 
bine interrupter was changed from 
{Continued on page 31) 
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Th« Ad Hoc S«por 1 - 

fnam fnpf 

nqisc fiffui e m ^vt dr dirfcivc tioi-w 
figure. Ttic eff^iNve jRriBe 
jftEhfr- -BA ftppr^rktK lor 

d9giL£E-^-r{MBO ratkD, 
be cumtiL&cd Xft the miiijraurri j^h 
BiifTiLil z£ che Input to die 

rtteivtf ttlC &CV^T53 TV cliJirrelL 
Th-c iijijiinprii^te- valueH iikEnLi]ftiiJt!i 
rc^Ejjf«l rt-cLd JntcnBLt^ c^in theri be de- 
tcTmr«L usm^ ^j^proprutce vnliiep> 
for tbe a.ntBniiUi t 9 ]>l||.rr urea, 

and tnnaimLfsiou Liju Ids&, boLb r>f 
wh.i[Eh mly W fiDcpccUd to be virwible 
wi1^ J'rBqiifcncv. Hkbe ^aiuts oS" re- 
lyutrcd WQ^]d a-PlKiPf 50 br apjpiO- 

priat-c for tutaI af«iu. ^bbc€ iljc iu?i^ 
^gure -erd- gai n will be tBjiable amotig 
the va.Tici 5 |K recciv^r^ available tO the 
pobLic, a. LJeterniLna.liEir o{ the n-|/p-T^- 
priate liol-w figure to aae Ln iliis uon- 
may lii^olve a STitistkaL 
^ well aa the SrubjeLtav^ •f^eEeTiiiino.tLoU 
oi acceptabPr tiFnabtc-noise r^tsos-. 

Ttufi Eetofud prOblEjn rO>]icernK inteE-- 
ferlntt signalB CHfigiiiaTirg outBltlf of 
the receiver ti^rn nearb/ anoiErceE vnch 
0 ^ 0 Eehl]aL 0 r ^a-diaiion ircm oLbet r^- 
□cLyarB, iptiiiouB cmiBskHts^ -ard igni¬ 
tion anCprFrTfTKt 

The tornmJsskan, In rtl jirescEit ttl£- 

1 -L^klfi rnln, sfjrelbe:!- a. valui f-^ Uja 
EjcIeI ifitcLi&lty required for servic? in 
urban areas in addataon n valun re- 
qniTfid Juj rurU] fii'tiia. lei lErb^i 
wbcffr iwise and Irrtnirrmce eKJernnJ 
1Ci ihf- roceivtj ire Ol' efficient 
NiLy to Llet^rukiiK; miuuriiani arable 
held, it sJhOiild he stoued tl:^i iE the in- 
terierlng bold intenbltiflE enter tlic re- 
ceiv^T ilTr(Kii£^li the pivtcEina, the dafirer- 
fine^E bi the tEH^ciive kiigibE of Iba 
antenna and- in the Li™: lossw ut dif¬ 
ferent freiU^Einca- ceaae tu l>e Ibi^EjaTB 
in thd datcfinlmtieai <yf the rnttiimurri 
required signal Eot -EanBEactorjr service. 
SK-i^n-dary irniy be priarart fw- 

of tlbe ^reat-er 5£ruLani:y of u^Hiie 
preaemUy u^od [elevlsioEi antennas lo 
have j. merre dist-irind field pattrrn on 
4::h^nn^£ 7-1^^ -which rn^y jMMduce a 
directiionBi discrimination in faver of 
rajiCh>Tnly focatad laUerferiEig nOiiTees. 
F-urthenmorcH the prewuee of mnltt- 
|i4Lb trajikahLadiO]!, prod-uciiig gho^t 
image:, wil3 tend to degradt the ser- 
vfca bdow tho-t lOduated by El<^ld in 
ECTiBity n:£asuremcntE above ^"Qne of 
these riffecn ha^ hwn rvalnatrd for 
lack «3J Lnlic and ttMLu There ia Uteri- 
oas que&tion as to whethrr they afMMdd 
be ta.f(.en inEo aeccrairt aither bi tiiia 
ease or hi the ease ^>f inter rtrlng tcle- 


vJbIou BigrnaJB^ on the assumption that 
the ict Dwo^ ify^d be ^peeted ro 
providetuiDscli with a suitable antenna. 

The iDtareJilioti bct'^vmi die Tn-iiii- 
muit] sigTtalg required in the presence 
or absence o^ neiiv: ?nd interlErence 
euemaJ Ip the r^reiverr ai luoctlms 
of frequency, arc dcK^iHEjert at bop^p: 
lejijfth i-q ? Tfipurt by K. A_ Nci^lML*' 

Tha vaLisni used i^ere accepted b> the 
committee as iHuatratiTe w>1y, bciC the 
tBijdency can he noted fOE- the mito- 
Enutn value aigrui] at which ejctcrnaE 
nohr beer^mes comreltiug to increase 
w\t}t EreqELtncf. Tilers was aoma 
opijili^ an>oi^ eommltjUv mecnberE 
Ibat the S mSlIivotts per meter (54 db 

nbp-VE nne miomvolt ]icr meter J iiiKW 
apaoifisd the utediau bald intausity 
Eor acceErfahIc -arban Bervioe. while ap- 
pa^r^^iJ]l■ a.dtfquahe lu- Ovtre>nnc bulb 
reeeivCT noise ami external noise und 
iinTerference At an noccjitable fwreent- 
age. nif |i>^atipiis- f^vr c^-rmcli 2-^ -u 
ciliE i^TiOficiftlt to- -OTercOnie reesiv^t 
Eioise 4HE tibaiitiels 7-tJ. If this ie true, 
it is the conBcnsQS of the cfiromittce 
ibflC the effect ia not dn= primarily ti.> 
the diflctcncfis it: the c^aLablc effects 
of anfeooa 3en^h, ]anc hMes, u™f 
avaibdj^ roeeiTer tiDiU h^res. but 
must be to B large due to the 

onim-pwn difference? Lq tbr range pf 
?LKna.l TariaEion in urb^ itc^ sud TO 
the effects of tlw anlentihL pattern. The 
eommiftce bad insuffielent data on the 
variatL-mi iiF field inCenSitif;? m urban 
areax at dose dlstancei from Lite trans¬ 
mitter end at locatiooB awfly from the 
main artn-ies rit triircL on whirb muLib: 
oE the presently ay-allable held iiitenilty 
dat.i have hrrri TOfaKqrpijj to make Ji 
jee:imniehda.LiOji nn the irLLgniEdde pf 
Ihc diftcFccitial which Jiiay be required- 
Hnw^vFF. the prH?h1cm exists ar>i it is 
rncpmrntfnrled Thai a ^IntiiniL-ng alia-ty 
be Eiiult. Eocrfcitig- toward a debnile 
nn&wcT 

Tilt ttiiril problem tiwolves an in¬ 
terfering signal which orinanatM frorn 
ojuhlbrr Italian pp^ratiuB- On thi; jEiune 
or Adjaetnl ehaiine]. 

]ft tEiis ca-w. since boch rbe dcs^r^d 
aod undesired fields will be vurpnldc 

with thnr- :End LocaiE-On, it k. necessary 
m Lake both of these variations into 
3CConn5 with approprUile allowance hr 
a.nj- effeeta Lif ■^]OTrdaJ ion. 

V^Hiere there wrr. twii nr pom-fl ?tai- 
tlorts inen tejiaig widi the desired: sts- 
tinWl is anathfT ejctremEly ImjiDrlart 
[aetor- 

[t I? &flf-eviden[ that Ifir intri-fri- 
if]ic4: -wliich bs cAuse^ Iny a pl-aralEiy of 
stAtioiii will add in some manaer 
that a net mcTdiEr in i-ntetfi^ruuLer 
above that caused by t^nc sRatirm, will 

"&«c- friiiarliil- 


result- Thic pTohlecn has r-eceivrd z 
considerBUe study, ?nr1 levcraJ ap¬ 
proaches to it haye tieen roade by vari¬ 
ous ni^mt^ers uf the eofomittce. tha 

prKsenL Tiiufi, tlOWe^ec, thjirc Li CIO 

IjeneralLy aeeeptable auluiicui ayailable. 
M-or-eriyrr, rertaLTi aajiKts Of Ibe sub- 
jfcuL-re effeCLi of addiTTg mtei Ecreiiacs 
require lab^Kr^toTy iiive5il.^ati<m, par 
timd^rly with regard to fhf interfer- 
tncr from adjjuil^ent ^himnds. This 
pr-oblem will be studied. Eurther by the 
QmnmitEce iful If is hoped that a prae- 
ueal answer will br a.^a.ilaNe before 
fhe cpTvcLosiocii of the tcl-e^iEion mile 
making ptoeeedings. 

As to the qucril.-:3n nf EOrr elaLloo oE 
ihe termin -cotrecticm factor yariatinns 
Mwm the desired -arxt ondfisUed sig¬ 
nals, the committee did ivot have avail¬ 
able Tucasuremcfit-s which li:ivc been an- 
aJyicd to evaiuate the cpttelation q^n- 
titfltively, and if was eonsldercd likely 
that it would ciot be ncgligibEc- How- 
KVfer, for the Bolution tlut Lmiocdiatc 
pfohtcnjis, and utilLI <;xpc.t'iinantah dnti 
are ji-vaibNe, the committee r^^wn' 
ineiidtij diat Llie cffec-U of this eorte- 
latloii he T:eE-lpctEd_ The effect of as-^ 
coming ■&. eorrelatEon ecwfflei^^hf zero 
witi be to-ovec^oiti-matc, the potccrLtBg^ 
□1 rniKivinp LtKatloiis, Jf-, free itt^nn 
interftrenee for n spei^ifteil j*rcecitage 
of the lime whrfi £ < aJul to un- 
derestrma.tr L -wliKn £ > Enit will 

have Ein eif^E when £ = 5I.1 ?d. 

lu combining die effem -af IrregUr 
lar Cerraiu pnd nf tropospheric propa- 
raiiciiip ii was tiK feeling oE“ the cacn- 
Eoirtce that Ihc trnpu?pheriii variations 
-wwld be Endepeudcrit oE the terrain 
viirifitioiis. In otl^er w^uds, iha tropo¬ 
spheric fading range -wiLL be die aan>? 
at both pood ami poor locutmns- There 
are no direct measurement? whieh 
prove this rebrion., but eke inference 
may tie djawn frijm a ijOllskfcrPtipSl pf 
the data In Che eepoit* by P- W_ Allen. 
Jr.j VV. Q. [lOEse and HtUly Fine of 
ttio FCC. Thir is considered to appLj 
to botb the d^-sicEd and uiLdes-ircd 
^i.g^uU. 

fh the matter of the eorrclutLoii be- 
tvy-firn the t-jmE v^rialiona oE IIi-e -dc- 
slrEd and ilJv:teEMTil sigifvils, 35 urai 
rtcomoKHded. that zero correktion 
shciuEd bfl assunexL wlir.n ajipLyinif the 
cnTvts t-i> alloLiLmu problems. 

The rejicirE -was endor^oi by ^^Leveii 
rruBunicri uf Lhc ccmimittec: E. 

Alltfi oE the l'"CC, whn fEivtd aa Ltiaif- 

niflfli W. C. Boese. FCC; flArry Fine, 
FCCj. r. tj- Kqj, uOrts-uKIjtg bngin-cef, 
S. L_ EaaEcy. eonsultijig engineer ii™i 
IFE prexyj R M WLlnintte. cimsdc- 

ing enKinefif; A- F_ Murray, conauih- 
ing engin«:r : R. VV'akcnuFi, tOqManE 

Lab^; J- W -iVtlght, CHS: G- H. 

Itrowii, Rf.-A l-abn-ramTy DivisL-uO: 
und R_ N. Harmoii, Westinghouse 
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Remote-Control Switching 


(Continued jrom page 12) 

comrnon motor while still retaining in¬ 
dependent control. Three or fo\ir con¬ 
trol heads are commonly used in air¬ 
craft radio applications to time the 
equipment to the selected frequency 
channel. 

Crec/Hi 

While our broadcast engineering 
department accomplished the system 
engineering on this switching unit^ the 
system of control and wire-saving 
scheme was the work of the mechan¬ 
ical department. We are particularly 
indebted to H, M. Schweighofer for 
his efforts in devising the fifty-position 
control switch and positioner assem¬ 
bly; Mr. Schweighofer is one of the 
inventors of the remote device and is 
largely responsible for its develop¬ 
ment. 


VWOA News 


(^Continued from page 29) 

two segments, providing about a 25- 
cycle note, to a four- and then six-seg¬ 
ment resulting in a SOO-cycle note or 
higher. (The 500 cycle later became 
the Navy standard.) From then on 
Guthrie says they were able to cover 
distance. When 800 miles from Cule- 
bra in the Virgin Islands, Guthrie re¬ 
veals that he heard the Flagship Maine 
and when he informed the captain that 
he had been in touch with the Flagship, 
the captain remarked: ''My God, man, 
do you know where we are A mes¬ 
sage to the Flagship convinced the 
captain that contact had been estab¬ 
lished. Confirmation was definitely 
established a month later when a news¬ 
paper clipping captioned "Wonderful 
Feat of U. S. Warship" was received. 
The report cited the great distance 
worked. GDG says that he believes 
Ben Wolf on the Maine was the one 
who received the message. CDG’s 
classmate Bob Woolverton, who was 
in charge of the wireless room, was 
quite a resourceful fellow^ constructing 
all types of new gadgets. Those days, 
reports Guthrie, proved the need for 
ingenuity, for many of items they 
needed, were never available and had 
to be made. When CDG’s Navy en¬ 
listment expired, he sailed out of New 
York for the United Wireless Co., 
serving on the Royal Steam Packet 
ships, the Togtis^ Trent, NHe and 

(Continued on page 33) 
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?«nd. 


It Means: Better Performance! 
Finer Quality! Greater Value! 

Recessed Impedance ScleCTOr 
Dual-Type External Shock Mount 
Non-metailic Acouscalioy Diaphragm 
Built-in Cannon XL-3 Connector 
E-V Mechanopbase* Cardioid 
High Output Level 
—SO dh. 731 —53 db. Model 726 

Smooth Wide Range Response 
30—12,000 cps. Model 731 
40—I0f000 cpS, Model 726 
Enclosed Magnetic Assembly 
With or Without “On-Off” Switch 
Wider Stand Mounting Stud 
Highest Parity Cast Case 
Satin Chromium Finish 

Modef 731. Broadcast Cardyne 11 

List Price. .$80.00 

Modal 726. Cardyne L With MC-3 
connector and without external 
shock mount. List Price.. $59.50 

Try tho Cardyna now) S^nd fw Bulhtin Noa }39 

ELECTRO-VOICE, INC^ BUCHANAN. MICH. 

Export; 13 Edit 40th SI., Now York 16. U.S.A. 
Cablet’- Arlab 

NO FINER CHOICE THAN 

^Ucffurl/ifice. 
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FIELD TESTED 

liistallallon]n|arina^ofi Dn 

TV 

and 

FM 

RECEIVING 

ANTENNAS 

TV ■, ■ FH Igstallailoa 

by VrH H-Dimvn 
tlEjniicr, AnL^rtipl^ *n6 TV' 
Cci[rmefPl*l n.4dlo SvwA Ojtp, 

■FMf LrVrii Vfmnrnr 
SdiiariHl Dirtci£>^, 
irtnAH I'qH. Cf.. T:^; 

EdibH, iT^rDfcw and rranna^riiau 

Vk^ pnly pucFlul Lao^ on Fha AlJ-im- 
p«rT-inP 'in TV iAd Ftd rAtif^ibn 
. » . biiv^ *nPirihf □" 44'H»4l 
rlH^ikfe In Ih*, h.4^ IV ^ti4 NvI 
•arDAS In Ph* c^nYry. 

Ov*jt uerdi #F vi^dl dnta with 

rrv^r Hfl phgd-pi pnd 

Till thaj^\wf% 
rjif^rPETPii^j! t^-^9 

An-f«rrap PffifaPra-PJpn -Pr«4r<PDrvl- 
S#C4^fr«4 CflV*rflga 

KF jln-pA-nvp InitnFJBd'lflpa 
TV fnftrf»r*ltC* 

Frfjgt 

Afflitar Jutcpno' Sgfifrmx 
FM ArrFtfnppI 

ftqriJnaii 
TrJris mi it^D- Trpdo 

11ia Tln^ boah In which vou'E ^nd 

^gmpli-Ff d"irgn nn-cj ln|Pp|U-li Qh In- 
■FAEmalibP «n Pyp* 'bF TV and 

FV aj^fk^nfl. 

C-prrl-iiin. dat-pilBd il|u|Prpiig» nnJ wb- 
|«<1 lnd*:i far rapid TbParanaa. 

AvjLiikla -d'lrcEc -wr khra’j^ 12.00 

y*uY iJiLfibti^i ro+iptii 

3ft* MUpni^ kin* Ih jiYiui illHrlhTBi^ *-■ 

dinrl -Id: 


ftvT^rt fHbMsN»9 Co,- ■■e^ 

Drpt.1' 

U VBBdDrfallt AMen-iit, N.T. ^7,4*.T. 

^lc>ni" ■*"* mp J iJ»py &+ "Ttf-pM 
An^anna PhiPalFaPiM." pasPpald, 
Iiki«h I- nncJgiinig 'Sf.OP. 

[fUm^ F^lah^ 

Name 

AD£JftEi5 

CITY AND STATE_ 



Low-Pass Fjltor Design 

^Cnuiiiiiu^d {ruis\ fir^r 25) 

t-'riMii I'ipiK i it ciUi ^ (iia[ a 


Exrnr oi .0D3.9 ft'iik, vr 1? fr^L, 

Wll* nnt C4m-ydfrLd txte^aavc 

TrirstmmA^^fkn-T^^c Fifterw^ TimiS- 
mission-iyfM filtrrt, In wEiidc tlie altcn- 
LIRtHHT boBtr bfiluw nji^f i;ilt-Ci?r 

arm «f rnlprept, tflll l^t JmsiffnExl with 

iTir Rid <if Fi^riM 2j J, ajKt y The 

variatKm in traister thrnufFticMH th.C 
piRSL-haJVi ^nrl ttif a?ti«lURtiOii btjmd 

cm-pff apfr jifeUcjited Em FtgLiircs 2 unil 

while carcuis valu3? f:?! be- Oibtain^il 
fftigri Fi(rHTT y. Ab be Form, iJi tn^aiTiplc 
h u&Ead let indicate rhif itieUiod: 

A filtfll -wli Ln De plac^ belVL'M-ia 
iJte crxjdidiitnr and dabt-C acnplhiKT iii 
a |nw-p(HA!crfli:l mdio Tht 

ji^pc^e in^f iht liittr tatis t-m the- 

ftidebarad ii>Ttatl caused a apeerb- 
clpppmf ttr^uiL. The lupaimu-nT aLkw- 
nbk vH-rj^tiotl in tramerhiyainn was 2 rib 
CO 2,J[fl cytlc^, TTie tr-inuTirissiCin 
VfM CO be dcjwn ^ J3b <\t J^OOO cydea. 

ITie- load ijiipedunce ji-T^scmted by chc 

daas-t" ^iTlT^ificr waa 2,50D ipTiiiu 


iwfi-ftcctitm RLtef with RL temiana- 
ciiotl wCiukl be ^ntia Facti^ry, A CUCH^IT 
liWTTKnry oi 2,?0Ci -will cTlOMiri, 

Frorli FiE'^rc S, /. ^ 0.29 ticrary, luuit 

C =: .047 mFa. 

CmMElwilmm 

[e Fm he^ nfi^n that L-a^ctauia 
letiv-pabE lilceeg arc -ejiAily debi^ned, 
and -iirr pRrtaCD]aeL 7 ijuLtnltJe f^r -Oc- 

^iplinjf bIHI ftk€l'ilI5. AlthcMIiirh Lt 
baa mOL b*en atressed ift chia J>aper. Lice 
tll^?aTy ca ulan itse3u 1 Eof Ibe 

deai^ nE nFciihctal CTinafciubbitm. lines. 

'E. A„ CuiliEmLii, h^rl- 

145, vDlnme J|, Wi^CJ . 3'P3S. 
’F. IL T^-imp-n, Epo^iHfrrj^ H'jiiBd- 
25. Mr[;r:aw-]aiLI . |^^. 

D TTnlFineo, Jf, A NoU n^7i £jW 

-FdwipJ'^ T-H.MlrF^rtHiviJ /.tfflP-Fotfj: FiS^er iJjF 

t"-ibV3 a¥i^ Tkrtw S^-^wwJr IRF; 

No-rtirfhte. ]fiJl 


The Industry Offers 

fvige 23") 


FMiLflO FU COidMUmCATJOIi 

FM #quipmtn1 l-s jorl [^iiiL-tu-^ML 

raMuilipciirci Id tfyt, Jfi '«■,■ blbJ liy tic 
riiblii? ^Ff I h ;■-:T■n^^4F^j|'U□ta^-'^a□d liniuiirinF 
IWVirtV hbl 'kin ri"vitc»W iuLuirrlA.1 

UNlM LiI t'hll^ Ftinid^hariL lA F^. 

rilCTn^il ir-c ■ ID'-wi.ll Ixin^ili^r DDd A 
nmiaiiiiin rngjiutT. Wb.bC;> il MiL^Lli fnr biilli 
-nitltn i1Bllon ul OiibiteMlE CTTiiUE^r jppliic-itirinp 
Tilt lroiimLlir-r jnJ ncr^r onii tfc euiIrpTiid 
Tb hi^|iigl Far wjJ gr di^l rTKccri|iniE- DF III 
■ Inxvfafd VT^Ibird fClhy pAcL blLIncU Ear Reiir 
iiFC'unLiriR. 


ADC rAANi^OMM^F$ 

A liii^ nf luJiiiirm&HT..- lV VMmBp lirttr hit 
pi'F Inr^ pi-Odaeiimn Audia DcTul^niim 

GoiiiiiinT, I.iih. Atb.h S.. H-nn^goTlL. 

Kihn. , 

TiariBCDLfrMri jrt inid 4g liphrivs'viRhL, Cicm- 
rnri. H-dli ^|ii CbTHtTBl^LLbii es* Ccn-iiiLh 

l«4d^ ■ ■■ • 

LiiiPi in^i^i lErgnliiicg^ id^fIb Wi-- 

Hiii PHJl Dpwi-- ifint-InrmK^'. 


WFSTFhfGM-CTJif 5C-ieW, 

AH TflAFiSwrmt 

A b.-i*bTeV-Cl Ay ITBUJiLllcrii wich ■ nomirLil 
tyc^pnv 1^1 -^0 hw^ nynt SO-HO-J. hJ9 t^n 
AiinbuiiCeu bf WEhLiiTt^limH ElErtnc ^TiarpiTTi- 
I\ym, Erff Mfl. TMi-Pt*ari'h .jiT;I|»^. 

L'lii rpfr.-il rtrcinr-TB Id -bII pc***? njpsiits- 
FMiare* m suptr-vlMrj roJiif<d 
nr-diaaL^ vlIIi ^ lot^iihiiiE inArliKk ijiInD uad- 
W||-h bn ^rrlogrl inil Hiftty prMrclinn ,i|.-K]n. 


TBJflfTT TV-PM SWFff *ENf«ATCJl 

A TV-TM ywerp kjLiLul uMermbi-. 
uhleh pr^vinvf fBH±inuaiii Tnnu^ ravtcacc E-& 141.1 
nvz For jSi] TV cm.’-riti Mdl I'f rrr^iMtfOjti, kdB 
trte* ■BO^™i|iri*l ^ Tnpuic £j#cLrir.^l In- 

■ Lrurlinl£ !>.- l^on^j Ohio 

rnrrlumauif -nriafal* tmem erf^cOVt 

ri« Ui lb II I'M. ^ith rufti^inn E^in 
figfiUrnllErd iwcn t^ia^ Fbf 'tcopt ■lorlHni.gF 
shQWI. ^NndFih S^iitll -lor bimiKrary ■ilin^iiip 
nF izisiTHlbh dur^^ LfNP W-Jfh e* pcmimipi 
MPldlfr Mil. 


AlfTONATIC flicmc 
MftMirJCAtJ-T jfAUD AfLAri 
A UnH -pT VrmEricilly KBleU nd^yi. hu li#n in- 
nwftttd- "tr Aiiiiifuiir ■P4«trl0 Con^fbny, IGU 
YV Van Si . Cakifv 7. III. 

Srigl^ n i. EcnrruHEa aluipkBrv dE HtTb ^ 
CfF tfBi. 

lUliiyi mJihln m\V\ bfrODUsOdBais optf-klini 
Oni^nrilJB ffcei A CrbCCka of X vok In wmr^ 
lU&dibil -nICi. Crmlx^ TxTinfri. cu VB-ry rvgm 
Bi Fi^^ niLl||ii-34r> Ld hEnrHi iLuz^.-rcd wlLIx. 
Dt^Liti -liizBn. DM vfti-T Jrran L a lfl& miU 

BEOOtib, hiid rrlaiH Ixnipp Frgm j gg SOn* miHi 
ugan*t 


TRiAD MiHUTUm AT TAANS^DAMfAJ 

'pBEb nl^fJHLiU^y stiTiil dtaciijilir4| ip-pH- Egr 
aiiLlin ErEniEomifr^ -Ig bt Itf bfl-Bv 

l.mba- aPQfH4JH.i^il Uy TErld- TmiiBJnrmfr Kf|. ijn,., 
421 Wp^fth ilvr., t^| Ancplfv CkiM* 

Om- lypf. JO. in tS^L*"" m di^ritbUn-, I Jlv'Jj" 
™ liciphi:, uT^ Htijta 4 5^ uunc«. AnKYrzT lypt. 
IOA. rie EE/I^p- ka diimtitf^ L 2Z/12^ ir WIeKi 
■ lid wnghi E yj RnL'^ lypEE nrt 

bv d iCi oi'idB -ce. P,rtn'' EHsrti 


WMQm O^ClitO^HAPHPC 
l»fiOJfCrJOU LfNi 

An oteJlrogfjphic Itb5, t>^ S*2. j 

-iwg-rluTunE ■ fKrnirr1-rIc-.nl, c4^i^I^h iini: bsv- 
liiQ z rEh-|LiVr gpcSLUIt i2J Wl.1 wnA a FLr^I 
Lfnprh of -?,r jnchig. hn| Hhh tnpoiliired hlf 
Silt ATIni B. Dui^EbiiL LAbmLiariti. Ui-.. ]li 
■/iTimiFiir Diuiuiwi, >fHin Aniiub. riubon, 

rj J 

Ttpi- Inw vrTbi^BB hii pd^ic-rn ol 

■ II ■:«■ irp- 1u J-nu:liBa bq -diBCvrizEEi kroov 

R' 14 rvJiilcinir ’rm D iwociiri;- ijxc itzt 

-Li iLilb mi la-lftE THb IJiibl Ilf'S I 

iTiurmipjiiai] nJ lbzi Imu KfiziOd ig zfrprrni-- 
e^BUlf *3% 

THd \t^ mLy In mi^^lEd -cki jf i'' 'acb]^ 

■ ■ ■ 

jpicpsro flfCOADIJt 

A rKOfdw. the H-D. **Jffpfd lo# antt. iim4 

znl Hnd mKriiEruc^v'E rteurilind. Iiya Uc^ii ib-- 
awuaoH. by rhf TriuDO SiPrrinJinjc T-^rpiDrjEiim. 

FLEiJnUi, N. J .Sbid Co ctiriibiHj: Ihn kDCLicr-F 

ci F^mC^V d-.£zL mriLoiT r<BE -drive wich lha 
c^^keBd Bi+ci^nl-fm 40^ i;iimi|.^ink di |fc* 
Frr;iLu d-hi" r^TordEr. Tlir ciircinu li^d it I'Fe 
pjfirg |.f>. 


3Z ■ WHMt^KECA-NOWJ fOU JULT H4T 



















VWOA News 

(Contim^ed jrom page 31) 


Clyde, which ran as far as Porto Co¬ 
lumbia in South America. From there, 
these vessels carrying no radio ops 
went to England. Even if there had 
been operators aboard, the Marconi 
stations could not hear these vessels 
because they were not 6tted with Mar¬ 
coni apparatus. This sorry condition 
■was remedied after the Titanic tragedy 
in 1912. In '09, Guthrie joined the 
Massie Company, and was assigned by 
C. J. Pannill to the S. S. Providence 
Ti^nning to Fall Kiver. {This 
mg report from one of radio's reed old- 
iimers itnll be continued next monih.^ 


Frequency Doublers 

{Continued from page 13) 

X., can be obtained from 


1 


01* = - 

Cq jLs 

(0 

< u 

-=2 , 

(7) 


This system has been applied to sev- 
■eral doublers and has proved to be 
<fuite satisfactory. 




tAt To 15,000 ohm« per wind¬ 
ing inch, and 

-pe watJi (froo air); 5 
watts [mounted an metol 
surface) 

Intermediate taps within 
reason 

'Pc Dissipate more power; 
run cooler 

pc Standardy Inverted or 
vortical mountings 

PLASTXC-MOLDED METAL-CLAD STRIP RESiSTOBS 


Clarostot Series MMR strip resistors 
positively run cooler than any other 
similar types, size for size. Or puN 
tlng it another woy> they dissipate 
more power for some temperature 
rise. And that's important in most 
radio end ^iher chassis^ 


Resistance element thoroughly sealed 
in ^molded plastic casing which is 
then encased in protective metal 
housing. Better electrically and 
mechanically. And wc 
con prove it to your 
satisfaction! 


Engineering Bulletin Itfo. 109 
on request. Lei us quote. 


ClWftSTW 


CLAftOSTAT MFG. CO,, [NC. • DOVER, NEW HAMPSHIRE • \n Canada: CANADIAN MARCONI CO.- LTD. 

Montreoi, P. Q., ond bronenet 


■ 


KAAK MODJLE EQ£/FPMENr 

Mobile radioulephone equipment (or the 152' 
162 me band, which is s&id to feature low 
standby battery drain, has been announced by 
■the Kaar Engineering Company, Middle field 
J^Oad, Palo Alto, Calif. The instant-heating 
-transmitter consumes no power from the bat¬ 
tery during standby perievds; the receiver uses 
-4 amperes. Tn combination, the equipment 
consurnes a total o( 4 amps during standby 
■operation. 

FM receiver (FM-47X> and 15.watt (FM- 
177Xp or 50-watt (FM-17$X) transmitter is 
.available for the mobile service. 


iMAGNECORf) fORTAfiLE 
TAPE EQUIPMENT 

A one-channel, twocase portable magnetic^ 
tape unit (PT6.JA> has been announced by 
Magnccord, Inc., Chicago 1, III. ' 

Has single low-impedance microphone input, 
■with gain control, high level input, monitor 
Speaker, zero level output terminal, a va type 
meter and a 10-watt monitor amplifier and as. 
soclate jack for use with an cjtlernal speaker. 
Features high speed forward and rewind and 
cither or 15" tape speeds. 

Unit is said to conform to NAB specifications 
and has a (requeixy response of SO to 15,000 cps 
^2<Ih with less than 2% harmonic ^Stortion at 
full modulation. 



BIRTCHER 

STAINIESS STEEL • LOCKING TYPE 

TUBE 

CLAMPS 


Sfcilnteu Corroilon 



83 VARIATIONS 


Where vibration k a problem, Birtcher 
Locking TUBE CLAMPS offer a foolproof, 
proctical solution. Recommended for gl| 
types of tubes ond similar plug-in com¬ 
ponents. 

More than three million of these 
clamps in use. 

FREE CATALOG 

Send for samples of Blrtcher stainless 
steel tube clomps and ourstondord cata¬ 
log listing tube base types, recommended 
clomp designs, and price list. 


THE BIRTCHER CORPORATION 

5037 HUNTINOION DR, LOS ANGELES 32 




JONES 

SERIES 2400^ 

PLUGS & SOCKETS 


• Improved Socket 
Contacts — A Indivi¬ 
dual flexing surfaces- 
Poiltivo contact over 
practically their entire 
length* 

• Cadmium plated Plug 
and Socket Contocts 
mounted In recessed 
pockotsj greatly In¬ 
creasing leakogo dli* 
tance, INCREAS- 
ING VOLTAGE 
RATING* 

• InterchangeabJo 
with 400 Series. 



F-2406-CCT 



S-240A-$& 


Send for complete Catalog No* 17* Plugi, 
Sockets, Terminal Strips. 


HOWARD B. JONES DIVISION 

Cirich Co^p, 


2460 W. GEORGE ST. 


CHICAGO Ifl, ILL. 
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How is YOUR company doing 

this “EVERYBODY-BENEFITS” plan? 



EMPLOYEES WriWi 
U. S. SAVIHaS IIONDS 
VIA PAVAOLl PLAI4 


AVEIlASe INVESTMENT IN 
M. i SAVINiJS ftONl3$ 
PEft WORKER PER MOHTK 


j'wvy up hill t* 
mivij^ xprnpflrm 1) 




Compare your employee participorion 
with others who hove Poyroll Savings 


If the ywf cfHfnpany fall belcw those showih 

above, you're mining vour fharc of brajofits of the Pay¬ 
roll Savings Flan I These he[iel3t& are desorlbeil baki^. 
Mafjoti-wlH:]* «per[ej 3 ce proves tlut when top maciage- 
ment pubs the ”OK'’ on the Plan, its beoaflts rise 

OENtntS to EMPiOTEESj Every ^3 iiif\'e^ted in 
EoikIj psy niftliirlty. Workert gaicl h 33^*?^ return 
on their money—cuahhag thum iu [he future lo buy 
Tu-pre of the things they will wacti-plLa the poaec of 
mind thfl-t goes with regular saving. 


from llie ENA'oUcn spending stream. The Plan thus (joa- 
tributes to natiuELal security—which aiferfs 

WilAT CAN yOV BOf H yOur company has the Payroll 
Savings Flan, mpike sure it's heing aii^uate(y ptCKmotedI 
— bucicd by yourtCp ca^wjutives—to bnng yOur cumpany 
its full measure of beruEts. If you haven't yet Just^Ucd 
tha plan, why p&ss up Hs benefit! flnV longer? All the 
heJp you need is ^vailahlc from your State 
Savings. Benda Divtsinnj U. S. Tr^afl-nry I>Opiirtin™L 
He Is lifted in your telephone bunk. Gall him tiqwI 


|ii^NEPI?$T01NPIDTJ4$^-'rhG feeling of security that go^s 
with pailkipatien In Payrell Savings m-iifcca workers 
mon^^COOteoEedr Wc^nyEng Icm, they W'erk bett€T 4 Among 
the more than 20,000 large Dompanies wEth Ff^yroll Sav¬ 
ings, records show ttmt-fdiowmg inBlailatinn of the 
Plan—prodnefjon ioeicased^ absente^lfm find aoddents 
decraas&dl 

■.iNirirs lO THi HMliONi The Payroll Savings Fkij 1^ a 
powerful delOi™nt to inBatlouary forces. Every Savings 
Bcmd dollmr bufU up in the TreaBury withdrawn a dglliti- 



[>mf S7B.HC,^.GC0 HK«nh a«*dri h£i. 

Iiouahi dinu * 

Mary \han ^ ifi rMf »lumfl-«Dr tSEJ.MO.fl&OyEJM 
hgid by pvIcKdriy^ i 

burlh^ 3 AiHiihi ig^ le^Qr I 

vf^llpd -Hi* hiyruir S^r^lnfli- Plan. 


VPfl rihll 4 ]Imv JrSCD^DOO wsirkjvn arnr 

Ih4 «^4r6gK 6f jaD pkr rnMlk nM rhvir jii 
mgrb tharv $-l5GjDiHl^EC0 pv rwrib—In IgnA^ 


Jk* Jnawr^ flHtpMfJBynri uiiiAwLlfgal mUh VpwktPJtiJI iht at ikli hf 
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News Briefs 


PERSONALS 

Dt, VladSmJr K. Zwoiykizs vice president and 
technical consultant of the RCA Laboratories 
Division, received the Lamme Medal recently 
from the ATEEv ... i . or 

Dj. Zworykin was awarded the medal lor 
bis oulfitanding contribution to the concept and 
design of electronic apparatus basic to modern 
television." 

Dr, Allen S. DuMont, president of Allen B. 
DuMont Laboratories. Inc>, received recently 
an honorary degree of Doctor of Engineering 
from the Polytechnic Institute of Brooklyn. 
The degree citation read in part: Your 
achievements in the science, the art and the 
industrial management of television have been 
widely recognieed by members of professional 
societies and t'-adc associations, ana by the 
ultimate beneficiaries of your genius, the 
American people," 

Dr. VActor J. Andrew was honored recently by 
the College of Wooster, with an award of an 
honorary degree of Doctor of Science. Dr, An¬ 
drew was gradui-ted in *26 from the College oi 
Wooster, and in *22 received the degree of Doc¬ 
tor of Pliilosophy from the University of Chi¬ 
cago. 

James H. Jeweltl, manager of apparatus sales, 
and John M. McKlbbio. assistant to vice presi¬ 
dent and manager of advertising and sales 
promotion, have been elected vice presidents 
of Weslinghouse Electric. 

Jolm J. Eibye has been appointed manager of 
magnetic component sales of the Raytheon 
Manufacturing Co., Waltham, Mass, Eibye 
will be responsible for the promotion and sale 
of voltage atabiltaers. transformers and recti- 
chargers and rectifiliers. 

I* KaUey, formerly equipment engineer 
for Western Electric, has joined the distributoi 
sales department of the radio division of SyL 
vania Electric Products, Inc., and will operate 
out of the Chicago office at 20 North wacker 
Drive. 

Daniel R, DoDovaJO, formerly vice president and 
safes manager of Callite Tungsten Corp., has 
been appointed sales manager on EJmel and 
Fine Wire products of the North American 
Philips Company, Inc. He will be Located at 
Lewiston, Maine. 

G. 0. Whnvlg, president of Clobe-Union, Inc., 
since 1927, has been elected chairman of the 
board. Wyoth AUem executive vice president 
for the past year and Globe management con- 
flultant for the past twenty years, has been 
named president, 

Mtftmu J. Sfaneble has been appointed assistant 
sales manager of replacement tubes for the tube 
divisions of G. £. 

Elmer WiUiaxni Engstrom,' vice president in 
charge of research for RCA, received recently 
the honorary degree of Doctor cA Scieoce from 
New York University. 

Chancellor Harry Woodborn Chase conferred 
the degree with the following remarks: 

"Elmer William Engstrom: The advancement 
of life in America owes much to that small 
band of men who, like yourself, lead the way in 
the vast field of industrial research. To you, 
with our gratitude and thanks, we give today 
our honorary doctorate of science." 1 

tfT£A4TUAF 

Chicago Traiuformer Diiviaion, Essex Wire i 
Corp.. 35Cff W. Addison St., Chicago III., ; 
have released a Ifi-page catalog of new equips- 
ment transformers. Included arc mounting and 
construction details, dimensional drawings, fre¬ 
quency response curves for many of the audio 
units, and a table of power-vu-Ab relationships. 

A line of Chicago hermetically sealed trans¬ 
formers is described in a new four-page illus¬ 
trated folder. Included are power transformers, 
bias transformers, filament transformers, and 
filter reactors, all of which are constructed to 
meet Grade I, Class A, JAN-T-27 specifications. 

Aarovooc Corti-» New Bedford, Mass,, have pub¬ 
lished a Durciiiie decoder chart, which dhows 
the RMA color band coding for molded tubular 
paper capacitors, with corresponding numerical 
values of capaciUnce, tolerance and voltage. 
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GRID DIP METER 

Ih l«T. 9MSI MILL»I GW Vf MHEI 

ll fBffipSd DImJ HTJ HBlDhML 

AC piyvfM iirpp^ ll Elf a* 

Ei*m«^ Ihm rfrpn J^fll hp«- imwil 

EaflhraliJ vrAfww kiinlh kqIri fnm 1,5 
MC In- 27^ wJlh pwiarAoi irwtT 
pAfP nn GrU^i^ wflfcp MHP -Hlfe PF»^I 
of^pncariwi rndiuwn. IPIdrMl lirMhuil 

l|^ fiBTTT^ ^q|b1m-^ g^wQtkiti fdf liMMfta 

mtmsnfhmY. 


JAMES MILLEN 
MFG. CO., INC. 

MAIM DPFtCt AMU PACTaHT 

MAIDEN 

MAS^AGHUSGtTS 



Last Minute Reports,.. 


TilK WliULD'i FLlUtt dnilDflBCtl- 

tum of ftZ5-line TV wm^ prEfl^tcd T-C- 
ceilLfy il thr KriTish LddbitPied Faar^ i 
CB-Ftk B^onhwich, Binriin^Ai:ii, 

f~T4M\i Gffiai; Bpctiin hits aIw 
coni* Hi* ^r.jKirf Lhat die EEC wdl 
soosi pUce au a. TV btn- 

iJon at -SntEon CoUridd nKkr EiT-nmi^- 
liasfti, Eii^datiJ, ti* opflrfltc on s. video 
frrqiicincr of 6] rpc,. with K po*er 
riqtjyul cjf J{w. tht AUdio ttJJipJiittcr 

oporMiiijf aC 5ii^5 me with a p^vr^ 
□tJtjMrt Dl" t? . , . WF*1X in Nfw 
Y-ork rccentEjf iruLalkd dtfte ii¥?w stu-- 
dki ^mcratSj lIDC-onaFnft La ITlOilTiii E_ 
FfiiWitd, dikP cn^ipcer, wJtu alia fc- 
pnrtcd that the btatkni now Iiflf a. 

' ofc" cighj F?t3d cftmtr&t m optratioiM-. . . | 

Hjriy r Liift, rrfliiiT rnanain- oE 1 

VVcstPngfiouBt Eni^interijig 

I>epa,rtm*nitH Eloamfidtl, New J4inc^, 

- hai tfeen narned diainnBJi for the Na* 

Ycirb secEkan of the IJIE- ■ r Vtrgjl 
' hi. GruhaDL Im anniMmcETi th^^t di^ 
RocImtEr Fal! will hetcaEttf 

■ he hnowA at the Raditi Pat] Meeting 
' And wili be hdd thJe zit th^ 

Syratuiei Syr^si*, New Ycl^J^^ on 
Octobef Jl athi Novecihl>er t . r, 

Oti ^ alKRir Sqtetmiief I, the Oswego 
Coujitj BrourlFiBEarg Company. Fd- 
ton, New Ynrt, wi3li go on tlic ait witfi 
A Cr E_ ] kw AM tHWiaatiLttcTT . . , j|. 
W. Tfcff-cr, of StTUthETH-rKHtHr r 
1^ beeji dented pr-ESHknt of the Na- 
i tiotial Asaodation L>f Reb.y MnnirFar- 

■ mrerp. , , , A rhn■c^l1DUth sfldoaEc 
training ptegrtm m dectrpTiicE ie tiow 
htinp hdd at the Camden pJanc nf 
RCA Vettur, Id cwjiw^tinn wnh the 
Moofe Sdiool gf Eki^trii^E Eingincer- 
iTig (rf the UiiLver&iLj- Hpf Pcnn>iySv?nia, 
TwrNp FHideflt officer* of dir Utiatrd 
SlalCfi Ariciy Giniaod T-orCffl BFf tak¬ 
ing the courec. . l ■ The Tenth Anjii^jd 
EulariiET Sennimjr of ttvc Entporium L 
icrtion of the IR.H will he twtd on 
AuB'itF-1 t9 And 20. Giicbt speakers wi-1^ 
ifldxnk H. 0. Clavier, wtWB Wall db- l 
CL fE5> kmg diLtatfece cnnianunicatinTis nod t 
idkCqwaTts I AILcia A. Eapiii^ ^varin^ I 
TV deflectJnn and high voLtuge aup- 
pliesj MkhaeL LaiiLEii^ dlwnsblRg orthi- 
OQi cfliotra chpiTu?, etc- , . . A ^paec 
llatidljQQk ^Dvcrina ininaaturi; fiEle^lium 
recti hp-E. bcini puhlixhrrf by the^ 
Fcderti] Tdephotfie and Radio Cor- 
puratiiHi^ ■ytlQ J-^bsni? AvenuEr llaal 
Mewafk. New Jersey. Priced: ai i^^en- 
tj-five cents [wr cOpy. , - - Oenr^* T. 
I>[twnB b now in ciiarge ol Hie Lh'an&- 
lormcr operation at Ra^Theoi\ at Wal- 
thaift, Mabs. . . _ Jolin F- Eidtr Pgh-- 
lirthcrs IrK^. will pnhiish HiUciEi KauF- 

man'; CopSpiTTfr^i'iif Fn^i'c OpCnP/Jr/ 
Q&i ?76-pflffe tonV, which 

u ex-p^teij tL- n|7p-Ear in Aug Uit. . _ . 
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50 CYCLES TO 5 MEGACYCLES 


F(t£OUENCT CONTROL 
AND CALIfiRAnON 


■ J&Tinjr f^T-li^yencjr tlA» ii JhOPtMt of iLCnvd circuit 

-- whkih miLt i C vec^ VlEiuliilE inr use rtpt □nty- JI 

purpOH lilK>rxi:«r 7 nKiLlii^jr, \mi afto Eor Itbung dlL lOTCt at vni^bind 

cJf^LiLct ^ai 

1 Thf cT^Epticrfiil \j vidE Hfi^ 19 obciimd wWh j. i\a^ Irnoi’b ■ two- 

poEicion ruifE ^Elccrc^r irwEcu 

t Tbf vcliajf-. "bj P^infiK fiif arr a-v-t drcuHj h; btld ci^nsrinc wiiirtn =].i 

^itKl9 o^ Eht-rniLTE nj\fii 

J -drifi ii btld aj,± vfry- Lma]l viEn^ khton^ cmhil If-dFiu^rwd cbomaC 

ditifItiiititrii ■■■nd vviiiFli4TDa ¥f jtEPni 

4 Anf iqlI-I di\ii ffouiriag- nii.y Lf EljmJDd-tfd hrp CbE OKi-lilicDr co utc^ 

5 A d^RKCicivE ampLj&Ef uilnimJEEi hiun ±rd diuortit^n und- iliv rquakir^ [he- 

m^iru4 

i tin OTJCi^T >ADl[ig:e ii mEtturfd by i v-c vcdimt^^r F 4 .rw tha iflrtpj-i reminih 

7 C^jibriEL^ Bipiy bif tl-Hidardifrd at anp nmc eo mEbin ;j^tcJei jjid 
ENr lav* and cbF Ki^h. r»pK[[vd;|i' 

Fof TikbiB MlEC^vit^ qiirTK ort wv-iwi tinctijn OVff A widr tin^ *f foE- 
<|UEDCE?5 chif C>ici33ll-C0r b fApeCLAllr uS^uL Lil dut LJike mca-^^cmcfirE may 
bf nude very arwi jccuratety wkh ibis jnrtrryiirtnr. 

fVri rw—A WhtH-HAPTGE BiEAT-f91€OU»C7 DiClllATQII . . . . PW.U 




^ rtt! ^ rW 4 « I iid^ ' i V -HP-^ E^FranutaV' l«#vnM( 

epUi -far ag -firf 3Q-^ rij i i^n h‘ J «mfi- 

K^a. FW .TTm¥w%i -tvqLmr nnlrui lokfiAf J ^ aPHi'P^lJ 

rgg iM +pgD ^ E»r 

Am- ravtfAH- iaa#M 


WffffT fOJ! 
COWFifre DATA 


GENERAL RADIO COMPANY 


Cambridse 39p IVIas^BchuflCtts 
« W«t Et., Hew Y.rk S 931 ) S. tf^hiSAif Av*., Chi»C« 5 


WM H. 5*wpr4 St^ !.« AnjOrE^ 18 
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I What mokes BENDIX* dynomotors 
I SO MUCH BETTER? 

L 


For the onswers look msidel 


// Pays to buy Quality - . * 
ami no finer Quality Dynamotor 
is available than a 
BENDIX DYNAMOTOR 

itei + >■ ILL Hiak - tiLKn n Ifbii ti^tn 

RE[> BAMK DIVISION of 

P(0 LABUf, J. 


jiijpim 


Siikiii Irrtwwnfcndl ibln>l*fw 

J± RjI^ VjiU I F_. Hwm Turk 


IIIMBA'nJll ilHL—lO^C. 

Fl^inRH-TIME —.] iiEDfvfl im kii If 

VlfH-ATHQM lipvrAIKI —WH «it]hE^nd .ETl mchirt f.M 
■Ivnt *wt-+ln 10 »*# 40 4 

IlMPlutkH^E UM4E-WIH iNb^h MiUuh rwi^ —la'C 

AIUTLMF-^WIH normrilv+H’Z0,-tl9(] rM «n4 MahW ■ IA«4U 

biH* 4 ni mn 


■CAft APBECMrAL —XII IfltA dyunn^tvrt m-r ^ 

ChH Al^*Tlhy ivpi CtftlrtE^Dn **Hi -iHeI ■« tb u*b 

ky wi|ev^-kMv^kJ -^ 4*41 «niri BA'AiHMr* iwvIem. 

iMKCndH Xltf 'lE^—Ai^ hmlta OynvmMM- ^ ^iiNwIunri IrvipKlbd 
ta vvvv «f pc«ducteA. £jwt vnk rwc!*h44 # 4lH Hirivb hEhEP 
f|^K 4 ' 4 piF»ilht #*L«ii«h FTbpw bn>h ^Mlnp 
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